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PEEFACE. 



txf this Volume no pretension is made to anything like an 
^-Ehaustive method of treating the mighty theme to which it 
relates. Within our present limits such an attempt were 
[lopeless and absurd ; and the eflPort has been less at giving 
% large and comprehensive view of the subject, than of 
pointing out some of the wondrous disclosures which it 
reveals, and of so interesting the reader in these that he may 
be induced to pursue the noble and ennobling investiga- 
tion in the numerous and learned tomes which astronomers 
of this and of other lands have placed upon our shelves. 
And if we shall succeed in interpreting some of the voices 
of the stars, of gathering some flowers of beauty from the 
garucn of nature, we shall be more than content that on us 
the pleasurable duty has devolved of providing the wreath 
that binds them. 
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HISTOEICAL SKETCH. 

Night — General Appearance of the Heavens — Value and Interest of Astro- 
nomical Knowledge — Astronomical Science — Early History of Astronomy 
^First Observers of the Heavens — Chaldean Shepherds and Priests — 
Knowledge of Astronomy in Egypt and Greece — Thalcs, Anaximenes, 
Empedoclos, Ptolemy, Copernicus, Tycho Brahe, Kepler — Discoveries and 
History of Galileo. 

It is night. Awhile ago the sun tinged the western hemisphere 
with his last golden beams, and sank to rest behind the distant hills. 
Earth has drawn around her the sable robo of darkness. The hum 
of the world's busy on-going is silenced — ^nature is hushed to repose 
•—the birds have ceased their song, and the stillness is broken only by 
the bat's almost noiseless wing, the soft sighing of the evening breeze 
among the foliage, and the distant lowing of the cattle. These are 
Toices of the night, calling us, with timid accents, to solitude and 
meditation. The branches of the trees, mingled in strange and gro- 
tesque proportions, seem whispering to each other ; darkness broods 
in the woods, as if concealing conspiracy and crime ; and the moun- 
tains, having laid aside the glowing and varied drapery of sunlight, 
are invested with a bolder and akaost threatening majesty. And 
now, as star after star looks down upon us, trembling with its own 
brilliancy, and seeminp; to speak to the willing spirit that would 
learn its mysterious being, and the heavens are studded with gem»^ 
faint upshootings of light announce the coming ol t.\v& o^^ws. ^'vTiN^s^> 
the eastern sea is changed into "waTy wil'vet, wv.^^^ ^«^ ^sSsss^c^.^^'^ 
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if awed by her glory, haste away. . Noiselessly fall her steps as sh^ 
" walks in brightness" up the skies, and 

" A lovelier, purer light than that of day 
Rests on the hills ** 

9M she calmly moves through the broad expanse of the heavens, and 
showers her rays in splendid profusion over mountain and valley, 
ocean and lake, tower and tree. 

*< Her placid beams, 
Through thinly scattered leaves and boughs grotesque. 
Mottle with mazy shades the orchard slope. 
Here, o'er the chestnuts' flretted foliage, grey 
And mossy, motionless they spread ; here shine 
Upon the crags, deepening with blacker night 
Their chasms ; and there the glittering argentry 
Ripples and glances on the confluent stream.'* 

Night is ever beautiful. Day has its peculiar charms, and night no 
less. Day shows us earth ; night reveals to us the heavens. Day 
declares the greatness of our world ; night the majesty and immensity 
of God's universe. Day awakens the harmonies of earth ; night the 
music of the spheres. 

*' Night brings out stars as sorrow shows us truth ;'* 

its solemnity awes and its beauty fascinates : and we cannot look 
upon the glittering bosom of the heavens without being beguiled into 
meditation on its wonders. 

But while there are few — very few — who would confess them- 
selves indifferent to the charms of these scenes, the greater number 
of observers of the heavens see nothing but a vast canopy mantling 
the globe, sparkling with brilliant ato^ns. To them it is only a scene 
of gay and gorgeous confusion, in which no laws can be recognised — 
a fitting dome, perhaps, for so noble a temple as earth, or a pavement 
for heaven. They look upon the stars simply as jewels of light set in 
a frame-work of ebony, or as spangles in tiie robe of night ; they can 
see no end answered in their existence at all commensurate with the 
magnitude and extent of the agency employed ; there is not a tithe of 
the beauty in their conceptions that characterised those of the child 
who described the stars as ** eyelet holes in heaven to let the glory 
through ;** and the most imaginative of such gazers would not say, 
with Carlyle, that they are ** street-lamps in the city of God," or 
" halting places in the path to heaven." 

Many there are who are neither uneducated nor thoughtless, and 
who could readily give expression to a multitude of bright imaginings 
and lovely thoughts about the heavens, who could not give a lucid 
explanation of the simplest laws by which the evolutions of the orbs 
of heaven are directed ; who could not tell whether the stars move or 
remain in a fixed position, whether they change their relation to one 
another, whether they rise or set, whether all those that are visible 
in the evening are to be seen from the same point at midnight, or 
whether the same clusters are displayed in summer as in winter. But 
one who has paid a very moderate degree of attention to the revela- 
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tions of astronomy contemplates such a scene with a new order of 
interest. We refer not to the professional student of the sciencei 
who has spent long years in the inyesti^tion of its profoundest laws, 
and the computation of its most intricate calculations — such men 
have pleasures peculiarly their own, in. which the stranger cannot 
intermeddle. We allude rather to the man of general intelligence, 
who has directed a portion of his time to the examination of the leading 
facts of astronomy, and has been initiated into some of the glorious 
mysteries revealed to its voteries ; and we will vouch for it, that if the 
reader has never done this, and will patiently accompany us in our 
brief and inadequate notice of some of its wonders, he will rise from 
the work a wiser, and, if the theme be rightly pondered, a better man. 
In those seemingly promiscuous assenu)lages of twinkling stars ho 
will be enabled to trace regularity and harmony ; where the ignorance 
of the untutored, or the folly and faithlessness of the sceptic, can see 
only the fortuitous dispositions and planless arrangements of chance, 
he can find the links of the most consummate design — as 

** Globes wheel roond, 

Each drawing each, yet all still fbond 
In one eternal system boond, 
One or^er to fulfil." 

And when he has traced the intermingled threads of the warp and 
woof that compose the texture of the '* shady mantle, starr'd all 
o'er" — when he has seen the modes of operation of combined and 
conflicting forces to produce a harmonious result, and when at length 
the line of rigid demonstration fails him, a reasonable analos^ takes 
the helm, and he is guided into new fields of inquiry in wmoh he 
may expatiate ; and, thus engaged in a tour of observation over the 
wonderful works of God, his conceptions of the wisdom, power, and 
goodness of the great Parent and Preserver of the universe continually 
expand, till, overwhelmed by the variety and sublimity of the objects 
of his contemplation, he sinks down in the consciousness of his own 
littleness, and seeks repose to his wearied faculties in the homage of 
silent adoration, or is fain to cry out, ** O altitude !" and to sound 
the loftiest periods of his praise, with the mighty words of inspired 
poetry — 

*' Those Jewels, fiye words long, 
That sparkle on the fore-finger of time I" 

And to repeat the wondering outburst of the royal poet :— 

** When I consider thy heavens, the works of thy fingers 
The moon and the stars, which thou hast ordained; 
What is man, that thou art mindful of him ?— and the 
Son of man, that thou visitest him ?" 

Astronomy, as it now presents itself to us, is in its early manhood. 
But the annals of its youth and childhood are full of interest and 
instruction ; perhaps even the muster-roll which registers its birth 
may be read by us ! Or, to change the metaphor, we are standing on. 
the shore of a mighty river of discovery, •wVd<c.VvVv»A>a^^TL\i^^^'^^'^ 
broader and deeper as succesaive centux\eA YkK^^ x^^^ ^-^wj ^ w^^"^^ 

B 2 
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its mighty Tolume sweeps onward with surpassing majesty. It 
devolves upon us to trace backward its course, and with eagle-eye to 
gaze from the vantage-ground which we enjoy on its onward course, 
till we see it gradually contracting towards its source, and lose its 
silver thread in the clouds and mists of a hoary antiquity. To this 
we would now address ourselves. 

The scenery of the heavens doubtless elicited the wondering 
admiration of the earliest inhabitants of earth. Hence Milton appro- 
priately represents our first parents celebrating the praises of their 
maker, when— 

<* The snn, wlio scarce np-risen, 
With wheels yet hovering o'er the ocean brim, 
Shot parallel to earth his dewy ray.*' 

Our great ancestor ** raises his inquiring gaze to heaven, and, lo ! a 
silver crescent, clear and beautiful, hanging in the western sky, meets 
his astonished eye. The young moon charms his untutored yision, 
and leads him upwards to her bright attendants, who are now steaHng, 
one by one, from out the deep blue sky. The solitary gazer bows, 
and wonders, and adores. The hours glide by ; the silver moon is 
gone ; the stars are rising, slowly ascending the heights of heaven, 
and solemnly sweeping downward in the stillness of the night. The 
first grand revolution to mortal vision is nearly completed. A faint 
streak of rosy light is seen in the east ; it brightens ; the stars fade ; 
the planets are extinguished ; the eye is fixed in mute astonishment 
on the glowing splendour, till the first rays of the returning sun dart 
their radiance on the young earth, and its solitary inhabitant. To 
him * the evening and the morning were the first day.* " 

Addressing the orbs of heaven with " prompt eloquence," our first 
parents said : — 

*' Thou snn of this great world, both eye and sonl. 
Acknowledge him thy greater ; soimd his praise 
In thy eternal course, both when thou climVst 
And when high noon hast gain'd, and when thou fall'st ! 
Moon, that now meet'st the orient sun, now fly'st. 
With the fixed stars, fixed in their orb that flies ; 
And ye five other wandering flres, that move 
In mystic dance not without song, resound 
His praise, who out of darkness call'd up light." 

Hence we find that Josephus ♦ relates that " Seth and his descen- 
dants were happy, and of virtuous and peaceable dispositions,'' and 
that " they also were the inventors of that peculiar sort of wisdom 
which is concerned with the heavenly bodies and their order ;" and 
he also remarks, that *' God indulged the antediluvians with a long 
life, that they might bring astronomy and geometry to perfection." 
The same writer elsewhere informs us that Abraham was a most 
intent observer of the stars, and that he first brought astronomy from 
Chaldea into Egypt. In that exquisite specimen of primitive poetry 



* Antiqaitiea of the Jews, Book I, chap. il. 
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which distinguished the early age of genius, the Book of Job, in 
Illusion to the idolatry then unhappily preralent, sajs : — 

'* If I beheld the ran when it f hined, or the moon walking in brightnett ; 
And my heart hath been lecretly enticed, or my month hatili kissed my hand ; « 
This also were an iniquity to be pnnished by the Jodge : 
For I should have denied the God that is abore.** t 

Astronomy is in all probability the most ancient of the sciences ; 
and if the rude observations of shepherds and herdsmen may be 
taken into account, it may eren be considered coeyal with the infancy 
of society itself. The nomade patriarchs, as they spread their couches 
beneath the cloudless sky of Asia, naturally fixed their gaze upon the 
brilliant spectacle of the heayens above them, watched the evolutions 
of the stars, detected, or thought that thej detected, some of the laws 
by which they were guided, and, treasuring their knowledge in their 
memories, bequeathed it to their successors. From the innumerable 
multitude of stars, which seemed scattered in promiscuous profusion 
over the vault of heaven, they separated single groups, among which 
certain bright stars catch the eye of the observer, either by their 
proximity to one another, their juxtaposition, or in some cases by a 
kind of isolation. Thus they observed that certain remarkable stars 
that were seen overhead in the evening twilight at any particular 
season, presented themselves upon the western edge of the celestial 
hemisphere at the corresponding hotu: when two or three months had 
glided by, and then, after a considerable time, again appeared over- 
Head in tiie twilight. Hence, by some title or other, they distin- 
guished between what are now called fixed stars and planets ; while 
the sun and moon were sufficiently different from the rest of the 
heavenly bodies to claim special designations and the particular atten- 
tion of these rude astronomers. 

In Uie ever-changing aspect of the starry heavens the various groups 
that appeared excited a vague sense of the mutual relation of parts, 
and gained for them special and characteristic names, which, although 
varymg among different nations, were generally derived from orgaiUc 
terrestrial objects. Amid the forms with which fancy animated the 
waste and silent vault of heaven, the earliest groups thus distin- 
guished were the seven-starred Pleiades, the seven stars of the Great 
Sear, subsequently, on account of a similarity of form, the constella- 
tion of the Lesser Bear, the belt of Orion (Jacob's staff), the Swan, 
the Scorpion, and others. 

Such were the steps by which men became familiarised with the 
aspect of the heavens before the development of measuring astronomy. 
Various theories were advanced which were imagined to be explana- 
tory of the great laws of the celestial world ; while mythology, In 
accordance with the more cheerful or gloomy tone of national charac- 
ter^ave its bias or colouring to the popular belief. 

Vtheneyet we look through the annals of the earliest histories of 

* Kissing the hand here means an act of adoration ; and hence reference it 
made to idolatrous worship. 

t Job xxxik. ae-%. 
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nations, we find that attention was paid to the appearances of the 
heavens ; and in our own land the Druids did not fail to obserre 
some of the simpler facts related to the moyements of the heayenly- 
bodies, bj which thej were enabled to predict the length of a year, 
the direction of a lunar revolution, the particular rising of certain 
stars at certain seasons, and a few other common and obvious 
phenomena. 

Thus astronomy began its course, and as some of its great facts 
and laws became known, various questions would arise, various 
enigmas would await solution ; and fliough many of these might be 
far beyond the finite grasp even of the most thoughtful and intelli- 
gent, yet on this account the imagination would not be less desirous 
to expatiate upon them. As the eye surveyed the vast expanse of 
the firmament, burning thoughts would arise in the minds of the 
contemplative. Where, it would be asked, do these mighty heavens 
begin ^ and have they end > Can man fathom their depths or scale 
their heights ? can human calculations express their extent ? Are 
angels ever winging their flight across the seemingly illimitable 
expanse ? — 

— " Through empty, nameless regions vast, 
Where utter nothing dwells, unformed and void ?'* * 

How do these vast agencies of worlds on worlds, and systems on 
systems, act and re-act upon one another ? Has space a limit ? or is 
the fabric of the universe unfinished, on the confines of which new 
creations are starting into existence ? To the explanation of such 
problems great and persevering minds addressed themselves, and such 
thoughts and researches are full of interest to us. The contemplation of 
the subject opens a vista which gives us an insight into some of the 
glories of the Eternal, who presides with infinite perfection over a 
limitless empire. Amid the silence and the solitude of the midnight 
scene, the soul may catch an inspiration of solemn awe and delight in 
the contemplation of such themes, and, soaring on the wings of devo- 
tion far above the littlenesses of earth, may <&aw near to its Father 
above, and hold high converse with God. 

The arrangement of the facts of astronomy into that which may be 
dignified by the name of science, has been attributed to various early 
nations, including the Chaldean, Egyptian, Chinese, and Indian. The 
spectacle of the heavens is always striking and attractive ; but from. 
the broad and level plains of Shinar, the mild beauty of the moon, 
the vivid sparkling of the stars, and the intense darkness of unoccu- 
pied space, as seen through the pure medium of an eastern clime, 
must have powerfully arrested the attention of the Chaldean shep- 
herds, as soon as they began to emerge from primitive barbarism. 
This habit of observation doubtless derived encouragement from the 
practice then adopted, and handed down by them to subsequent 
nations, of endeavouring to trace a supposed connection between the 
evolutions of the stars and the circumstances and histories of indi- 
viduals and nations. Hence, the Chaldean priests marked the posi- 

♦ Pollok's Course of Time. Book I. 
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tion of the stars in their courses, and of the moon walking in her 
beauty, for astrolop;ical jmrposes ; and hence inspired prophecy, when 
denouncing the diTine juogments against Babylon, challenges the 
*' astrologers, the star-gasers, and the monthly prognosticators," to 
try their power to aTcrt them. The predominance of this delusion 
dnrinff the middle ages, in Europe, transported hither from the East, 
is well known. The &te of empires, tne destiny of thrones, the 
consequences of battle, the priTate fortunes of individuals, might, it 
was supposed, be gathered from the position of the stars at the time 
of the nativity of the persons on whose behalf they were consulted, 
compared witn their position at the time of their consultation ; and 
without applying to the seer, who was imagined to read in the 
heavens the character of every event, whether favourable or adverse, 
scarcely any measure of public or private enterprise was undertaken. 

The knowledge thus acquired gradually found its way to the vallej 
of the Nile, and with such subjects the Egyptians soon became 
familiar. The Chaldean and Egyptian records furnished materials 
from which the motions of the sun and moon could be computed with 
sufficient exactness for the prediction of eclipses ; and some remark- 
able cycles or periods of years, in which the lunar eclipses return in 
very nearly the same order, were ascertained by observation. But 
when we remember that in order to account for eclipses, these people 
supposed that the great luminaries were on fire on one side only, and 
that the temporary presentation of their darkened side towards the 
earth was the cause of the phenomenon, it would seem an unwarrant- 
able extension of charity to concede to them the possession of any 
scientific knowledge, "ifoi was this the only theory on the subject. 
Some affirmed that the sun and moon were carried round the heavens 
in chariots, closed on all sides, with the exception of one round hole, 
the occasional closing of which was the cause of eclipses. Other 
facts might be cited, showing that the knowledge then possessed of 
astronomy by many was confined to a few simple facts, the result of 
observation alone. On the other hand, too much stress must not be 
laid on this view of the matter ; the absurdities of some must not be 
laid to the charge of all, for in modern times the most groundless and 
obviously inconsistent opinions arc entertained and advocated by 
many, which it would be unfair to cite as demonstrative of universal 
ignorance. Cosmas Indopleustes, who lived so late as the sixth 
century, affirmed that the earth was an oblong plane, surrounded by 
an impassable ocean. An immense conical mountain placed in the 
north was the centre aroimd which he declared that the sun, moon, 
and stars daily revolved ; the shape of this mountain, and the slanting 
motion of the sun, accounting for the varying length of the days, and 
the change of the seasons. The heavens were supposed to be an 
immense arch, one side of which rested on the earth, and the other on 
two mighty pillars beyond the sea ; and under this vault a multitude 
of angelic beings were employed in guiding the motions of the stars. 
Such was a theory, gravely presented for adoption, seven or eight 
centuries later in the world than Euclid, Archimedes, and AppoUoniua , 

However brief may be a notice of the \)TO%tQ%« oil ««XxaucscKvss. ^i^- 
covery, the efforts of the Chinese should. Tvot>a« eY\o%^'Cs^«t Vst%^NN«B.' 
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They obsenel the heavens with muremitdng asdduitj, the stady 
recelyed the CDontenance and support of the highest in Uie land, and 
the sceptre of the empire was indeed given to Chneni, on aceoimt of 
his knowledge on this sabject. But their powers of generalisation 
were neglected : satisfied with the accumulation of a few barren £Eu:t8, 
they never ventured to reason or to combine ; and thus, notwith- 
standing the facilities afforded by the genial temperature of the cliniate» 
the perpetual serenity of the sky, and the liboal patronage enjoyed, 
yet astronomy never rose to the dignity of a science withm ibe 
precincts of the Celestial Empire. 

By the philosophic minds of Greece astronomy was regarded with 
great interest, but imagination supplied the place of both reason and 
observation. That which is interesting to us as the mere creation of 
an exuberant fancy, was regarded by Uiem as genuine and Tcnented 
reality. The earth and the solid heaven (Gaea and Uranus) were 
both conceived and spoken of as endowed with appetite, feeling, sez^ 
and most of the various attributes of humanity. Instead of such a 
sun as we behold, subject to astronomical laws, and framing the 
centre of a system, the changes of which we can ascertain and fore- 
know, the Greek saw the great god Helios, mounting his chariot in 
the morning in the east, reaching at mid-day the height of the solid 
heaven, and arriving in the evenu:g at the western hemisphere, with 
horses fatigued and desirous of repose. Helios had favourite spots 
wherein his cattle grazed ; he took pleasure in contemplating them in 
the course of his journey, and was sorely displeased if any man 
injured them. To us these appear puerile, though pleasing fancies ; 
but to an Homeric Greek they seemed perfectly natural and plausible. 
To his eye the description of the sun, as given in a modem astrono- 
mical treatise, would have appeared repulsive, impious, and absurd ; 
and even in later times, when the spirit of inquiry had made con- 
siderable advancement, Anaxagoras, and other astronomers, incurred 
the charge of blasphemy for dispersonifying Helios, and trying to 
assign invariable laws to the solar phenomena. These fictions were 
blended with their conceptions of the physical world around theni^ 
and not simply in the way of poetical ornament, but as a genuine 
portion of their every- day lielieC* 

In the writings of the older poets of Greece, allusions occur which 
show that the appearance of particular stars and groups had been 
carefully noticed. Hesiod gives precepts concerning rural affairs in 
connection with the rising and setting of the Pleiades ; and he also 
observes, that when this cluster rises from the dark seas, sailing is 
dangerous. In the fifth book of the Odyssey, Homer makes Ulysses 
speak of ** the Pleiades and Bootes, the Hyades, and bold Orion, the 
Bear, which is called the Wain* the unwearied sun, and the full 
moon, and all the stars, by which, like a crown, the heavens are sur- 
rounded." There is a description of Tydides in the Iliad , in which 
it is doubtful whether allusion is made to Yonus or Sirius : — 



* See Grote*8 HIstOTy of Qteeze : a clear, stately, and masterly woric, by an 
^le^iant and laborious sdiolar. 
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** High on hit belm eeletti«l ligfatningi play, 
Hi« beamy fUeld amiU a lirteg ray ; 
The imwearicd Uaiie inoetfant ftreama fiqypUefy 
Like the red itar that flrei the antnmna] ildes, 
'When fireth he rean hfa radiant orb to fight. 
And bath'din oeean thoota a keener light.** 

Thus we see that while the early philosophers of Greece exhauated 
their imaginationa ia idle tpeculationa about the formation and nature 
of the unirerae, yet that they paid conaiderable attention to the 
arrangementa of the principal atara. That they did not advance 
further, highly civiliaed aa they were, ia not, however, surprising^ 
when it ia remembered that the philosophy of Aristotle recognised as 
a fundamental principle, that the movements of the heaven^ bodies 
were regulated by laws peculiar to themselves, and which had no 
analogy with those which prevail on earth. ** Bv thus drawing a 
Ivoad and impassable line of'separation between celestial and terres- 
trial mechanics, it placed the former altogether out of the p:de of 
experimental research, while it at the same time impeded the progress 
of the latter, b^ the assumption of principles respecting natural and 
unnatural motions, hastUy adopted from the most superficial and 
cursory remark, undeserving even the name of observation. Astro- 
nomy, therefore, continued for ages a science of mere record, in which 
theory had no part, except in so far as it attempted to conciliate the 
inequalities of the celestial motions with that assumed law of uniform 
circular revolution, which was alone considered consistent with the 
perfection of the heavenly mechanism." 

Thales, one of the seven wise men of Greece,* paid great attention 
to astronomical as well as mathematical science, both of which 
received considerable improvements at his hands. His love of such 
subjects is said to have been early manifested. It is related that when 
a boy, walking at Miletus, his native city, he fell into a ditch while 
contemplating the stars; upon which Thressa, his conductress, 
exclaimed, <* Whv, O Thales ! do you seek to comprehend the things 
which are in the heavens, when you are not able to sec those before 
your eyes r" 

Another mind before long appeared which threw considerable light 
on the " dark and dire confusion" that had so long reigned supreme. 
It occurred to Pythagoras f that many of the seeming irregularities 
of the heavenly bodies would be simply and correctly explained, if it 
could be shown that the earth is a solid globe, revolving upon an 
axis, and at the same time advancing in a circular orbit round the 
sun. The reasonableness of this view was perceived by some of his 
pnmls, and transmitted downwards throueh half-a-dozcn centuries, 
till it was set aside by Ptolemy. The Pythagoreans considered that 
the music of the sph^es was not perceived by men, because it was 
continuous, whereas tones can only be heard oy men when they are 
interrupted by silence. 
' The idea was entertained by Anaximinest that the sphere of the 



* Bom, B.C., 640. t Bom,BXS., (M. \"««r^,'fcR.. 
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hearens was crystalline, the hypothesis haying arisen from the appa- 
rent motion of all the fixed stars from east to west, while their rela- 
tive distances remained unchanged. "The fixed stars belong to the 
higher and more distant regions, in which they are rivetted, like 
nsols, to the crystalline heavens ; the planets which move in an oppo- 
site direction belong to a lower and nearer region."* 

Empedocles regarded the heayen of the fixed stars as a solid mass, 
formed from the ether which had been rendered crystalline and rigid 
by the action of fire. He explains that the moon is a body conglo* 
merated (like hail) by heat, and receives its light from the sun. The 
idea that the heavens were a glacial vault is considered by some to 
haye arisen amongst the ancients from their knowledge of the decrease 
of temperature, as ascertained from their ascending great heights, 
and from the aspect of snow-covered mountains ; but this seems to 
be refuted by the fact that they regarded the fiery ether as lying 
beyond the confines of the actu^d atmosphere, and the stars as icarm 
bodies. 

The idea of a crystalline yault of heaven was handed down eyen to 
the middle ages by the fathers of the Church, who declared that the 
firmament consisted of from seven to ten glassy strata, incasing one 
another, like the different coatings of an onion. This belief is still 
entertained in some of the monasteries of Southern Europe, and 
Humboldt mentions that he was greatly surprised to hear a venerable 
prelate express his opinion in reference to the fate of aerolites at 
Aigle, which at that time formed a subject of considerable interest, 
that the bodies we call meteoric stones, vnth yitrified crusts, were not 
portions of the fallen stone itself, but simply fragments of the crystal 
vault shattered by it in its faU. 

The first recorded observations which may be said to haye laid the 
foundation of astronomy as a science, were made at Alexandria, about 
three hundred years before the Christian era, by Aristillus and Timo- 
charis. Hipparchus, however, was the founder of Greek astronomy. 
This illustrious man appears to haye paid but little regard to the 
theoretical speculations of his contemporaries ; but he adopted the 
only metiiod by which a correct knowledge of nature can be obtained 
—namely, assiduous and accurate observation. Among his impor^ 
tant discoveries may be mentioned the length of the solar year, the 
eccentricity of the sun's orbit, and the periodic time of the moon's 
revolution with respect to the stars and the sun. He determined 
the places of more than a thousand stars, and was the first who intro- 
duced into geography the method of fixing the positions of places on 
the surface of the earth by means of their latitudes and longitudes. 
He was among the first astronomers on record who attempted to 
number the stars, and to determine Uieir exact positions ; a work 
which he was induced to undertake in consequence of the appearance 
of a new star, in order that succeeding astronomers might learn whe- 
ther any changes had taken place in the heavens. 

Such were the views of the ancients — such the results of their 

* According to Democritas and his disciple, Metrodorus Stobceus. Tide 
Humboldt's Ck>8mos. 
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efforts to gain a rieht apprehenflkm of the economy of the imi- 
Tene. But while tney were " pussled with masei and perplexed 
with errors/' there were lofty minds who clearly saw the discordance 
of the opinions then entertained with the reality, and who indulged 
the anticipation that some one would arise in the future who should 
be able to open the Tolume, and read the perfect coherence of its con- 
tents. Such was Seneca, who obsenres — ** The time will come when 
posterity will be surprised that we should be ignorant of things, the 
knowledge of which might have been so easily acquired, and some 
one will at length arise who shall teach men the path of the comets, 
their magnitude and number, and why they deyiate so far from the 
route of the planets." 

The first theory which grained general attention and acceptance 
respecting the movements of the celestial bodies was that of Ptolemy, 
a (ustinguished Egyptian astronomer, who lived about 130 years 
after the birth of Chnst. He considered that the earth was fixed as 
the centre of the universe, around which the sun, moon, planets, and 
stars, revolved, the last occupying a great concave sphere. After 
Ptolemy had promulgated this theory, he discovered that certain 
unexpected dimculties arose ; for, on watching the progress of some 
of the planets, he found that they did not appear to travel uniformly 
round the earth, but seemed to have at certain times a retrograde 
or opposite motion with reference to the other planets, while at other 
times they appeared to be stationary. To account for this he was 
induced to believe that those bodies did not revolve in a perfect circle 
round the earth, but described a peculiar path called an epicycloid. 
An idea may be gained of the nattire of this figure by the illustration 
of a large coach- wheel, round the outside of which a small wheel 
could by some contrivance be made to roll along, at its circum- 
ference ; then, any particular point on the small wheel would describe 
that curve which is called an epicycloid. Ptolemy was obliged to 
multiply these epicycloids to a most perplexing extent, in order to 
accotmt for the various appearances of the planets. To this circum- 
stance Milton alludes, when he speaks of tne difficulties which beset 
the progress of those who build their opinions on a wrong foun- 
dation : — 

•* When they come to model heaven, 

And calculate the stars — bow they will wield 
The mighty frame ; how build, unbuild, contrive, 
To save appearances ; how gird the sphere, 
With centric and eccentric scribbled o'er, 
Cycle and epicycle, orb in orb "* 

That nothing is better calculated to show the beauty and harmony 
of truth than the embarrassments in which the supporters of error are 
involved, is here well illtistrated. In religion, philosophy, and science, 
it is equally true ; and he whose steps are guided by the light of 
truth can arrive by a short and pleasant path at results which others 
can scarcely or never attain by complex and elaborate pursuit of error. 
The involved and weary mechanism of Ptolemy for explaining the 

• Paradise Lost, Boo^NlYL. 



20 WONDERS OF THE HEAVENS. 

sclieine of the stars, forms a striking contrast to heaven's own laws^ 
which are as simple in their design and arrangement as they are 
beautiful and complete in their administration. 

It majr not here be unworthy of notice that the physical diiEcul- 
ties which are presented, on the supposition that the earth is the 
centre of all the celestial motions, and that the stars daily moye 
round it, are altogether insuperable, and would demand a credulity 
which, we believe, none would knowingly exhibit. A fact or two 
in lustration of this may be given. The distance of the sun from 
the earth is about 95 millions of miles ; consequently, the diameter 
of the circle he would have to describe in passing round the earth 
would be 190 millions, and its circumference nearly 600 millions. 
This number, divided by twenty-four, gives more than 24,000,000 as 
the number of miles he would have to move in an hour, or 414,682 
miles the number he must proceed in a minute. The nearest star is 
reckoned to be at least 20,000,000,000,000, or twenty billions of mUes, 
distant from the earth ; consequently its daily circuit round the globe 
would measure more than six times that amount, or somewhat more 
than 1,400,000,000 for its rate of motion in a second of time — a speed 
which, did it actually exist, would, in all probability, shatter the 
imiverse to atoms, and appears altogether inconsistent with the har- 
mony of nature, and with the wisdom of the omniscient and omni- 
potent Maker of all things. 

Fourteen centuries elapsed between Ptolemy and Copernicus ; and 
during this protracted interval astronomy made little advance. In 
respect of theory, indeed, no change took place, though some improve- 
ments were effected in observation and calculation, which were 
chiefly introduced from Arabia. But an epoch had now arrived 
when the minds of men would no longer be held in thraldom by 
idolatrous reverence for ancient authority ; and a spirit of inquiry 
and investigation was manifested, which was productive of the hap- 
piest results in all departments, not only of natural science, but in 
the great cause of universal truth. Copernicus, aided perhaps in 
some measure by the opinions of Pythagoras, but more by his own 
meditations on the phenomena of the planetary system, had the glory 
of ascertaining the true principles by which it is governed. The 
great problem which required solution was, whether the sun revolved 
round the earth or the earth around the sun — 

" Whether the sun, predominant in heaven, 
Bise on the earth, or earth rise on the emi ; 
He from the east his flaming road begin. 
Or she from the west her silent course advance 
With inoffensive pace, that spinning sleeps 
On her soft axle." 

This question Copernicus undertook to resolve ; and in his great 
work on ** the Revolutions of the Celestial Orbs," he showed that all 
the apparent motions are easily explained simply by attributing a 
double motion to the esurth — a diurnal rotation about its axis, and an 
annual motion about the sun. Opposed as it was to the settled con- 
victions of past times, and to certain dogmas which had been esta- 
blished as pohits of so-called religious belief, the theory of Copernicus 
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encountered great resistance ; but as observations now improved in 
accuracy and in number, the evidences in support of it were multiplied, 
and ere long commanded the general assent of astronomers. An effort 
was made bv Tycho Brahe, an excellent observer, and one to whom 
the science is greatly indebted, to save the ancient prejudices ; while 
he endeavoured to explain the phenomena by supposing the sun, 
accompanied by the planets, to perform a diurnal revolution round 
the earth. This view, however, on account of its physical improba- 
bilities, failed to secure many adherents. 

Tycho Brahe was a remarkable man. Possessing rank and wealth 
from his family, and enjoying the friendship of Frederick of Denmark, 
he erected a magnificent observatory on one of the little isles of the 
Baltic, and devoted himself and all that he possessed to the construc- 
tion of instruments to aid him in his researches of the heavens. Thus 
were twenty-one years employed, and during that period he formed a 
catalogue of the right ascensions and declinations of the stars, a know- 
ledge of the true nature of comets, together with a mass of observa- 
tions which fell into the hands of his friend and pupil, Kepler. Com- 
pelled by persecution to leave his beloved observatory and his father- 
land, Tycho sought a retreat in Bohemia, where he was received with 
due honour, and where Kepler obtained from the Emperor the appoint- 
ment of calculating assistant to his Danish friend. 

The characteristics of these men, though essentially diverse, were 
not, on that account, the less adapted for the ftirtherance of the science 
to which they devoted themselves. Tycho was cautious, patient, 
persevering, and observing : Kepler, ardent in temperament, an en- 
thusiastic theorist, invariably framing hypotheses before he was 
supplied with the facts on which alone it could be established, started 
with the vast product of the labours of his master, and made some of 
the most important discoveries that have been effected in natural 
science. " The laws he laid down," says Sir J. Herschel : " constitute 
the most important and beautiful system of geometrical relations 
which have ever been discovered by a mere inductive process, inde- 
pendent of any consideration of a theoretical kind. "Diey comprise 
within them a compendium of the motions of all the planets, and 
enable us to assign their places in their orbits at any instant of time 
past or to come (disregarding their mutual perturbations), provided 
certain purely geometrical problems can be numerically resolved." 
Still, even Kepler was not freed from those strange and to us absurd 
imaginings which have been advanced at various periods of the world, 
for the explanations of difficult problems in natural science. In 1619 
he published a work in which he affirmed that the earth was a living 
animal, for that ** when a stone was tlurown into the deep clefts of a 
high mountain, a sound was returned from them ; and when it was 
thrown into one of the mountain lakes, which^ without doubt, were 
bottomless, a storm immediately arose ; just as a ticklish animal 
would shake its head, or run shuddering away, when a straw was 
thrust into his ear or nose." This would seem more like the reverie 
of a disordered imagination/than the sober conclusions of an intelligent, 
and earnest mind. Yet the same work contains a defence o€ iVk&^^s^ 
that the orbs of heaven are engagedm-^extotBixv^^^^xw^'^^^^^ 
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in which Jupiter and Saturn take the baas ; Mara, the £arth» and 
Yenus, the tenor ; and Mercury the treble.* 

Contemporary with Tycho Brahe, and Kepler, was Galileo, an 
Italian, whose name is intimately connected with the hiatoiry 
of astronomy. His father was a Tuscan nobleman of small fortuna, 
and haying been sent to the TJniTersity of Pisa he became 
deeply sensible of some of the errors of the Aristotelian philosophy 
and of the absurdity of placing the implicit and idolatrom 
confidence in him which had been so general. His distinction 
in the exact sciences secured for him the chair of mathematics 
in his native university ; but his determination to be guided by his 
own convictions of truth, and to brave the storms which ''inno- 
vation" on the ignorance and corruption of the times excited, com- 
pelled him to resign his professorship. 

Hearing in 160^ that one Jansen, a Dutchman, had constructed aa 
instrument by which distant objects were made to seem near, Galileo, 
whose mind was prepared for the discovery, instantly conceived the 
principle on which it had been made, and without delay proceeded to 
the formation of the telescope. Such was the origin of the most 
interesting of all instruments connected with science. 

Directing the tube heaven- ward, a world of wonders burst upon his 
enraptured sight. The moon revealed to his scrutiny her mottled 
disc, and he computed the height of her mountains by the aid of the 
shadows they flung upon her bosom. The sun exhibited his spots, 
and by the regular advance from east to west of these spots suggested 
rotation to his mind ; Venus displayed her phases ; Jupiter his ex- 
panded orb and retinue of moons ; while from a particular nebula, 
which his intr ument enabled him to resolve into individual stars, he even 
conjectured what is now proved to be the case, that the milky way is 
a vast assemblage of stars and systems. The moons of Jupiter he 
named in honour of his patron, Cosmo d'Medici, Medicean stars; and 
so highly was the distinction regarded of associating the names of 
persons with those of the starry orbs, that express application was 
made to Galileo by the court of France, to award the honour to the 
reignins monarch, Henry IV., accompanied by plain intimation that 
by so doing he would secure riches and power to himself and his 
family for ever. 

Galileo published the result of his discoveries in a paper entitled, 
the " Messenger of the Stars," and its issue occasioned wonderful 
excitement. Many doubted ; many denied so novel an announce- 
ment : ^ all wore struck with astonishment either at the new view of 
the universe thus offered, or at the audacity of the author in inventing 
such fables. The professors in the various universities, who in those days 
were unaccustomed to employ themselves in inquiring into the pheno- 
mena of nature, but were content with the authority of Aristotle on 
all subjects, were among the most incredulous with respect to the dis- 
coveries of Galileo ; and doubtless they piqued themselves on their 
superiority to the influence of such delusions. Well might Galileo in 
writing to his friend, say : " Oh, my dear Kepler, how I wish that 

* 'Weitminster and Foreign Quarterly Beview. 
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WO could havo ono hoartv Uugh together I Iloro, at Padua, i§ tho 
principal profoAftc^r of pnilotophyf whom I have repeatedly and 
urgently rcqucnted to look at the moon and planetii throUKh my glaM, 
which he portinaceoualy refuaea to do. Why are you not here ? What 
•liouta of laughter we ahould have at this glorioua folly, and to hear 
the profoisor of philosophy at Piaa labouring before tho Urnnd Duke, 
with logical arguments, as if with magical incantations^ to charm tho 
new planets out of tho sky.'' 

The following arguments by Sizzi, a contemporary astronomer 
of some note, to prove that there could bo only nv.vvn planets, 
is A specimen of tho logic with which Galileo had to contend. *' Thero 
aro seven windows given to animals in the domicile of the head, 
through which tho air is admitted to the tabernacle of the body, to 
cnlishten, to warm, and to nourish it ; which windows are the prin- 
cipal parts of the microcosm, or Uttlo world — two nosttils, two eyes, 
two ears, and ono mouth. So in the heavens, as in the microcosm, or 
great world, thero aro two favourable stars, Jupiter and Venus : two 
unnropitious, Mars and Saturn ; and Mercury alone, undc;clded and 
indifferent. From whicli, and from many other plicnomena of nature, 
iuch as the seven mctnls, &c.. which it were tedious to enumcratt?, wo 
gather that tho number of the planets is necessarily seven. More- 
over, the satellites are invisiblo to the naked eye, and therefore can 
exorcise no influenco over tho earth, and therefore would be useless, 
and therefore do not exist. Besides, as well the Jews and other 
nations, m modem Kuropeans, have adopted the division of the week 
into seven days, and have named them irom the seven planets. Xow, 
if we increase the number of planets, this whole system falls to tho 
ground."* 

But ore long a fearful cloud aroso ovor Qalilco, which increased in 
density and terror. The great principles which he had brought to 
light wore regard(*d as dangerous doctrines, and he was compulled to 
pursue his study in silence. Ardently desirous to make known to 
the world a comnleto account of the svstem of Copernicus, he resolved 
to write a book In the form of a dialoguo botwec;n three persons, of 
which tho firit defends the Copcmioan system, the second tho IHolo- 
moon or Aristotelian, and the third weighs the reosrms of both in 
such a way, that the subject seems problematical, though tho groat 
propondorance of argument is in favour of the princinlcs of tho writer. 
Though by an extraordinary stretch of favour (iallleo obtained per- 
mission to print tho work ; yet, scarcely had it appeared than it was 
riolently asnailcd —a congregation of cardinals, moiikif, niid mathe- 
maticians wns appointed to examine if, and having unhenitatingly 
condemned it as higliljr dangerouif, ho was summoned before tiio 
tribunal of tho Inquisition. Immured in ono of tho cells of this 
iniquitous iuHtltution, the old man was induced ** with a sinccro 
heart and unfeigned foith/' to " nbiurc, curse, and dolest, tho sinful 
and detestable errors and heresies which he had maintfiined, and to 

• Wo would rettpeeifaWy submit the al>OYo sr^ment to wrU^tv vVkVvw>^'«s«^ 
and morallnts of tho continontsl scUooW, a« vrn V\\uii\.i«.\.\v)W «al >\vk >»»5s»wt \sw 
whiob mocij of th§ir ApHari rsasontng it ooudtLfi^Ad. 
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swear that he woiild '* never more in future say or assert an3rthing, 
Terbally or iu >vritmg, which may give rise to a similar suspicion" in 
reference to him.* 

From the court Galileo was conducted to prison, to be immured for 
life in one of the dungeons of the Inquisition. His sentence was 
afterwards mitigated, and he was permitted to return to Florence; 
but the Inquisition to which he had been subjected pressed heavily 
on his spirits, beset as he was with infirmities, and blind, and he 
never talked or wrote more on astronomy. 

Much was there in the character of Galileo that is worthy of admi- 
Tation, did our space permit us to do justice to it. Fit^ was it, that 
he allowed his lofty spirit to bow in the conflict in which it had to 
engage. Sad is it, to seehimatthe age of seventy, onbended knees, and 
with his right hand resting On the Evangelists, avowing hispresentand 
past belief in the dogmas of Homanism, abandoning, as false and 
heretical, the great facts which he could do no other than believe, and 
abjuring and cursing those eternal and immutable truths which the 
Ahnighty had permitted him first to read from the page of nature. 
Had Galileo but possessed courage equal to his wisdom ; had he 
carried the glance of his indignant eye round that mock-tribunal ; 
had he uplifted his hands to heaven and asserted the truth and immu- 
tability of his convictions, the ignorant hearts of that mob of bigots 
might have been disarmed, and the name of Galileo been cheri^ied 
by every succeeding age, as one who possessed the intellect of the 
pnilosopher and the constancy of the martyr. 

The light thrown by Galileo on astronomic science was highly 
valuable and encouraging. " His discoveries," says Professor Ray- 
fair, ** in the theory of motion, in the laws of the descent of heavy 
bodies, and in the motion of projectiles, laid the foundation of aU 
the great improvements which have since been made by the applica- 
tion of mathematics to natural philosophy. If to these we add the 
invention of the telescope, the discoveries made by that instrument^ 
the confirmation of the Copemican system which these discoveries 
aflforded ; and lastly, the wit of argument with which he combatted 
and exposed the prejudice and presumption of the schools, we must 
admit that the history of human knowledge contains few greater 
names than that of Galileo." 



* A.D. 1688. 
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PROGBESS OP ASTRONOMICAL DISCOVERY. 

Sir Isaac Newton— Discovery of the Universality of the Law of Gravi- 
tation — Extraordinary Progress of Astronomical Science under Sir 
J. Newton — Subsequent History of Astronomy — Lord Rosse — Construc- 
tion of the Rosse Telescope — Capacities •of Telescopes in Penetrating 
Spac»— Summary of the History of- Astronomy. 

No one, at all observant of the world around him, can fail to see 
on every hand the influences exercised upon it by the great law 
of gravitation. Galileo explored the conditions of its operation in 
relation to the Earth ; but it did not occur to him that its agency 
extended to the celestial mechanism. This thought was first 
suggested to the speculative mind of Kepler, who said, that as atom 
acted upon atom on the world, so was it in the universe at large ; 
and Cooke also declared that the heavenly bodies gravitated towards 
each other. Kepler obtained so distinct an apprehension of the mode* 
in which the pUnets might be retained in their orbits by the attrac- 
tion of the Sun, that, had his mathematical attainments been equal to 
his philosophical acumen, and his attention to the study more 
detailed and accurate, it is highly probable that the principle of gra- 
vitation would have been fully and clearly developed to his mind. 

The honour of this discovery, in all its breadth and beauty, was 
reserved for Newton, who entered on the study of astronomy in the 
true Baconian spirit of personal and untiring observation of the 
heavenly bodies ; and was thus enabled, as with the rod of an 
enchanter, to dash in pieces all the cycles, epicycles, and crystal orbs 
of a visionary antiquity, and to establish the true Copemican doctrine 
on the solid basis of most rigid and infallible demonstration. 

This remarkable man appeared in the century following that of 
Copernicus and Tycho Brahe, being bom at Woolsthorpe, in Lin- 
coljishire, in the year 1642. Displaying during his boyhood an 
ardent love for the study of the natural phenomena by which he was 
surrounded, ever diving into the causes of things, and exhibiting no 
small ingenuity in his models and experiments, his attention was 
directed to the grand considerations which the heavens opened to 
his inquiring view. When Newton was about twenty-three years of 
age, he was. compelled to leave Cambridge^ •wK'ex^ \\a X^a.^ \i^"«tt. 
residing, on account of the appearance oi me ^-eL^xxe \». ^visi»!^ "^^^^^ 
He accordingly retired to his native pVace, wiA. yToc^^ «sx\xsi% «^^ 
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in his garden, he saw an apple fall from a tree at his feet. The cir- 
cumstance was of itself sufficiently insignificant : he had probably 
witnessed a similar sight frequently before ; hundreds had done so, 
and still the only thought that presented itself to their minds was 
that of eating it ! But the incident did not pass unobserved and heed- 
lessly away ; and, perhaps, if the reader, whose eye now scans this page, 
will give himself sometimes to pondering over the ** why** \nd Uie 
•'because" of even the simplest phenomena of nature, he maj be 
rewarded by the discovery of principles which may render his name 
worthy of record on the annals of science. The mind of Newton 
was probably occupied at that moment in one of those philosophical 
speculations on space and motion, which are known to have engaged 
much of his time about this period ; and the little circumstance 
which interrupted him was seized upon by his eager spirit, and made 
subservient to highly important results.* 

The existence of gravitation, or a tendency to fall towards the 
centre of the earth, was already known, as affecting all bodies in the 
immediate vicinity of our planet ; and Galileo had even ascertained 
the law in accordance with which their motion is accelerated as they 
continue their descent. But the idea was now dimly shadowed forth 
to the mind of Newton, that perchance this law was more general — 
perhaps universal, in its operation. The same power which drew 
this apple from the tree, is found to extend to the summits of the 
loftiest mountains without its intensity or direction suffering any 
sensible change ; why may not its influence extend far beyond any 
height to which we can ascend — possibly to the Moon ? Why may 
not this be the very power which retains that planet in its orbit, ana 
keeps it revolving, as we know it does, around our Earth } It was a 
splendid conjecture, to say the least ; and to its establishment^ if 
true, he gave his best efforts. If the Moon, he considered, be retained 
in her orbit by a gravitation towards the Earth, it is in the highest 
degree probable that the Earth itself, and the other planets which 
revolve around the Sun, are, in like manner, preserved in their orbits 
by a similar tendency towards their central and ruling luminary. 
Proceeding on this supposition, and on a comparison of the penods 
of the several planets, and their distances from the Sun, he calculated 
that if they were really held in their courses by the power of gravi- 
tation, the decrease of this power would be in a certain proportion, 
according to the distance of the body upon which it operated. Sup- 
posing, then, this power, when extended to the Moon, to decrease at 
the same rate at which it appeared to do in regard to the planets 
which revolved around the Sun, he proceeded to estimate whether its 
force, at such a distance from the Earth, would in reality be sufficient 
to retain that satellite in its orbit, and to account for its known rate 
of motion. 

In entering on this stop of the discovery, a remarkable and very 

* This anecdote is mentioned by Dr. Pembcrton, the friend of Newton, and 
its oecorrence is corroborated by other evidence. We mention this, because 
much stress is sometimes laid on incidents which are affirmed to have tran- 
spired in the lives of individuals which, in reality, never happened. 
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interesting circumfttance ocGvnred, which is not less honourable to the 
illustrious astronomer than eren the ultimate establishment of his 
theory, as showing the singleness of heart with which he pursued the 
ffrcat object before him. In the comimtations which he undertook 
for the purpose of this investigatirm, he naturally adopted the common 
estimate of the magnitude of the Earth which was then recognised 
among our geographers and seamen, and, indeed, no other existed. 
This calculation, however, was defective : inasmuch, as it allowed 
only sixty English miles to a degree of latitude, instead of sixty- 
nine and a-half, which is the true measurement. The result was 
that the calculation did not agree with his anticipations ; it indicated 
a force of gravity in the Moon towards the Earth leas by one-sixth 
than that which was necessary to give the rate of motion actually 
possessed by that satellite. 

The computations of reason having thus failed of producing the 
desired result, many would have sought to *' make up the difference" 
from the fertile regions of imagination, and would have proposed a 
variety of methods in order to save so bfrautiful a theory from destruc- 
tion. But Newton was too true a philosopher and too honest a man 
for such a course ; to his view the refutation was complete, and he 
bowed to the decision. In his o«m estimation he was no longer the 
discoverer of the great principle on which the orbs of heaven are re- 
gulated, and by an act of self-denial, which has been declared to be 
** more heroic than any other recorded in the annals of intellectual 
pursuit," he dismissed the speculation from his mind. Years passed 
awuy, but his reward was ultimately. gained. *' llad he, instead of 
acting as he did, obstinately persevered in the partially erroneous 
path into which he had b-en misled, it is impossible to say into how 
many additional misconceptions and mis-statements he mi^ht have 
been seduced, in order to cover the consequences of his first error ; 
or how much the simplicity of the grand truth, which had been re- 
vealed to himself, as it were, for a moment in the distance, might 
have been eventually complicated and disfigured by the vain imagina- 
tions of the very mind which had discovered it. The progress of 
science would, no doubt, at last have swept away all these useless and 
encumbering fictioni; but that honour would have been reserved for 
another than Newton. Committed to the maintenance of his adopted 
errors, and with his mental vision ever unfitted in some mesisuro for 
the perception of the truth, he might in that case have been the last 
to discern the full brightness of that day, the breaking of which he 
had been the first to descry." But he kept his mind uubiasiied, and 
though years passed away, no other speculator entered on the same 

Sath ; and ultimately, having obtained more correct data, he repeated 
is calculation, and found it terminate in the conclusi(m which he 
had nnticipated. The delight of that triumphant moment can hardlv 
be conceived, when he saw that the mighty discovery wiis indued all 
his own ; and it is afiirmed that such was his agitation as he continued 
his calculations, and found that every figure brought him nearer to 
the objnct of his desires, that he was at length unuble to proceed, and 
was obli^^cd to request a friend to conclude ic Cot tv»si« 
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tion as the range and clearness of this instrument is increased, so will 
the boundaries of our knowledge of Che heavenly orbs be augmented. 

The improvements effected by Lord Bosse in the telescope have 
opened a new era in astronomic science. The scene of his lordship's 
efforts, and the spot at which his workshops and instruments are 
erected, is Parsonstown, in Ireland ; while the marked liberality of 
the noble owner in permitting his pleasure grounds to be open to the 
vublic during several hours daily, has invited many to the spot. 
Immediately m the vicinity of the castle are the workshops in which 
the entire apparatus was made for the construction of the telescopes ; 
and it is certainly somethinfl; new to find a smelting- furnace blown 
"by a steam-ensino within a dozen feet of the drawing-room window 
Ota nobleman s house. An intelligent writer,* who has described a 
Tiflit he paid to the spot, says, that he found the furnace puffins 
away at a ^eat rate ; and a neat little engine was diligently occupied 
not only m blowing the bellows, but m giving motion to sundry 
shafts, belts, and pulleys. " A large complex piece of machinery^ 
designed to turn and smooth the specula of the telescope, was at rest ;. 
and about a dozen men were here and there occupied with sundry 
xninor operations. All the workmen who have, from first to last, 
been engaged in preparing the telescopes, or the apparatus connected 
with them, have oeen natives — a fact which will seem strange to those 
"Who are unacquainted with the aptitude for instruction of the Irish 
character.'' The instructor and superintendent of those artisans is 
the noble proprietor, whose accomplishments in practical science, 
independently of his rank, would give him a distinguished position. 
His skill in this way is indeed amusingly illustrated by an anecdote 
related by his neighbours of Parsonstown to the effect that his lord- 
ship, having on one occasion called at an engineering establishment 
in London, there discovered so complete a knowledge of mechanics, 
that the proprietor, in ignorance of the station of the visitor, offered 
him a situation of the value of some hundreds a year. Nor has 
money been spared by the noble Earl in the prosecution of his designs, 
for it is averred, on good authority, that on his telescopic experiments 
and constructions he has expended more than £30,000. 

When the E:trl first directed his attention to this department of 
science, great difficulties were presented to its prosecution. He com- 
menced by attempting to make an instrument with glass lenses of the 
old and usual kind ; but soon ascertaining that little success could 
I'eward his efforts, he resolved on adopting the principle of the 
X'efiecting telescope. The power of a reflecting speculumf depends 
on its magnitude and degree of sphericity, or, in other words, its 
capacity of collecting the rays which stream from any object. When 
the concavity is spherical, however, great difficulty arises in conse- 
quence of the centre of the speculum giving the image or reflection of 
"the object at a different focal distance from the parts at or near the 
circumference. The confusion thus arising is called spherical aber- 

♦ Chambers' Edinburgh Journal, 
t The term specula is appropriated to reflectors formed of polished x&&^»^ 
"^hile the word mirror is u»ed to signify a reflector of {|\«a«. 
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ration, and can only be avoided by giving the speculum a slightly 
eU^ptical or oyal form. Machinery was at length completed for the 
perfect grinding and polishing of specula of this shape, and after greet 
difficulty, and the exercise of no small ingenuity, one of the required 
size was completed. The turning apparatus was then applied, and 
though an error of a small fraction of a hair's breath would have 
destroyed all hope of direct action, and the smallest inequality of 
local pressure during the process of polishing would have been. 
attended with the untoward result of changing a vi-ell* defined star into 
a blot or comet, the work was successfully accomplished within the 
short space of six hours. 

llie various arrangements were at length matured, and the telescope 
completed, and erected on the stage where it is now employed. So 
vast are its proportions, that the Dean of Ely walked through it with 
an umbrella up, it being no less than eight feet wide in the middle, 
and forty feet in length. The expense incurred in the construction of 
the instrument was £12,000. The tube is suspended between two 
lofty piers, or walls, of castellated architecture of about sixty feet in 
height, and one of them carries an iron semicircle, against which the 
tube bears when in the meridian. By means of a windlass, and a 
very skilful adjustment of chains and counterpoising weights, it can 
be brought into a variety of positions, or turned &irly round from 
south to north. Enormous as are its dimensions, and though weigh- 
iag altogether not less than twelve tons, it is managed with, great 
ease and exactness. 

The space-penetrating power of the Hosse telescope surpassesthe 
comprehension of the human mind to apprehend in all its vastness. 
One astronomer assures us that the appearance of Jupiter, as pre- 
sented in this wondrous instrument, was as if a coach-lamp were 
advanced into the tube ; and Sir John Herschel declares, that the 
sublimity of the spectacle afforded by some of the larger globular 
clusters of nebulae is such as no words can express. 

To give an accurate statement of the power of the instrument can 
scarcely be expected when it is remembered that it is the meting out of- 
distances which appear to be infinite ; yet enough of data is supplied to 
secure a tolerable approximation to the extent of its range, aenohei 
estimated that a seven- feet refiector had the power to penetrate into 
space, which, compared wiUi the naked eye, was20|; aten-£eet,a 
comparative power of 28^ ; a twenty-feet, a 75, and a fi[>rty-feet» with 
a four-feet mirror, the immense power of 192. It is not easy, to com- 
pare Lord Rosse's telescopes with these instruments, inasmuch as 
their various relative qualities would require to be ascertained br 
direct experiment ; but as his lordship's three-feet speculum is mneL 
superior in space-penetrating powers to the largest disc in iJm poi* 
session of his great predecessor, it is estimated by competent autho* 
rity, that the six** feet mirror is endowed with a power to penetrate 
vfithout difficulty into space atleast 500 times further than is possible 
for unassisted vision. In other words, it will descry a single star- 
6,000 times more renxote than an average orb of the first magnitude ; 
or, though it were separated from- us by an interval so tremendous 
that were a star to be now created at a similar distance, its lighl-^ 
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ereati thongli the ▼elodty of the latter is almost inconceivable* — would 
travel through the intervening space for more than 60,000 yean, ere, 
by reaching the Earth, it could tell of a new existence having been 
summoned from the void.f 

Adequately to grasp the meaning of stich itema as these, is beyond 
the power of finite mind. It is, indeed, possible, that to some 
infinitely superior beings the entire universe may be as one plain— -the 
distances between planet and planet being only as the pores in a 
grain of sand, and the spaces between system and system no greater 
than the interval* between one grain and the grain adjacent. Or, 
perhaps, 



Depth, height, breadth, 



Are lost in their extremes ; and where to ooont 
The thick-sown glories in these fields of flie 
Perhaps a seraph's compotation fidls." 

And here we pause for a moment, to learn a great moral lesson, 
which it were well for all to ponder. The labour and merit in- 
volved in tke construction of the Bosse telescope, and especially in 
t^e formation of the disc of metal, by which the universe distinctly 
idsible to man has been augmented some 125,000,000 times, will not 
be ill appreciated by any instructed workman acquainted with the task 
thus undertaken and brought to a successftil issue ; but it is worthy 
of special observation that the slow and gradual processes which ulti- 
mately led to its completion, grew under the hands of the noble Earl 
by carefol and deliberate e^rt8> that ht owed all to hit mechanical 
skUl and peremferaneBf and had nothing whatever except the common 
power to institute experiments, and with care and intelligence to 
watch their results. 

Great as have been the results already attained in astronomic 
eeience, there is every reason to believe that these are only the earnest 
of yet higher achievements. To the Earl of Bosse many are still 
looking for much, and it ia believed,- that with hands so skilfiil, with 
resolution so stable, and with a head so richly stored with the 
chemistry of fusion, and the physics of mmealing, lenses of flint and 
crown glass may yet be executed of gigantic magnitude, which may as 
far transcend anything now completed as the B.osse telescope stvpassee 
the instruments of Ramage and Hersehel. It haa, indeed, been sug- 
gested, that as our vanabW clime» with it* vapours and lo<^ 
changes of temperature, and consequent inequalitiea of refraction, 
o&sn various obstmctioBs to the progress of astronomicid discovery, 
thstotherdiiDes having a purer and more homogeneous medium may 
b# seUctedy and that on the b«nk» of the* Nile, or on the flanks of 
the- Hihwday o«- the Andes^ &e votaries of soienoe may raise the* 



* Ligfit It oompoted to- travel at a ^>eed of 192,0M miles in a second, and 
that it p€fitiBs:t» >w>j from the Sua' to the Sanh, a dJsfaiweof 95 millions 
of miles, ia about alglit nhmtes. 

t " Thoughts ob somalmpMiaat Fointa Belatiag to the System of the Worid,** 
by Dr. Nichol, prolnsor oiasftsoDouqr tit. the Uaiv^nilgr elCUaagow. 
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waitohtower 6f the heavens, and bring to the knowledge of men things 
now unknown and even unimagined. 

It is here not unworthy of notice that in making observntions on 
the heavenly bodies, it has been found that the capacity of the unaa* 
slsted eye to admit light varies very considerably with the dhlarge- 
ment or contraction of the pupil ; and thus, if we enter a very obscure 
chamber, objects which are at first absolutely invisible, will cease to 
be so after a short interval of repose, arising from its increased sensi* 
bilitv to the perception of the impression of light, which is produced 
by the diminution of its quantity, and by a state of rest. Sir William 
Iierschel found his power of observing very faint and delicate nebulte 
and other objects very greatly increased, during his sweeps of the 
heavens, by shielding ms eyes by means of a black hood, from 
the admission of extraneous light, and by avoiding the observation 
of any of the larger stars. Even if a star of the third magnitude ap- 
proached the field of view, he foimd it necessary to withdraw his eye 
before its entrance, in order that the delicacy and acuteness of vision, 
which a long continuance of comparative darkness and tranquillity 
hiid produced, might not be impaired. It was for this purpose that 
he generally felt it necessary to decline observing the transits of large 
stars, unless no others of inferior and less obtrusive brightness could 
be found within the limits of the zone to which his sweep was con- 
fined. He has stated, that on one occasion, after sweeping for a con- 
siderable time with his forty-feet reflector, the appearance of Sinus 
announced itself, at a great distance, like the dawn of morning, and 
rose by degrees, increasing in brightness imtil it at last entered the 
field of view of the telescope, with all the splendour of the rising Sun, 
and compelled him to withdraw his gaze from a spectacle which he 
was not, under such circumstances, in a condition to regard. He 
found that it required more than twenty minutes from the commence- 
ment of his observations, before the eye had acquired the repose 
necessary to observe very delicate objects in the telescope, and that 
the transit of a star of the second or third magnitude would disorder 
the eye again, so as nearly to require the same time for the re-esta- 
blishment of its tranquillity.* 

Observe, too, the position now occupied by the telescope. "What 
arc those dim spots, says Professor Nichol ** unknown before, which, 
in numbers increasing with the potency of the instruments, loom on 
its remotest horizon, imless glimpses tobeobtainedfromitsfar frontier, 
of domains it cannot enter — filling us with glories which seem endless i 
Yes ; even the six-feet mirror, iSter its powers of distinct vision are 
exhausted, becomes in its turn simply as the child, gazing on those 
mysterious lights with awful and solemn wonder. I shrink, indeed,' 
before the profundities which at this moment rise up and are present 
to my view ! Again reflect on that cloudy speck in Orion ; that is, 
a starry imiverse of majesty transcendent, lying at the very verge of 
what tiie telescope can see. Well, if any of those faint lights from 
afar, on which me six-feet mirror is now casting its longing eye, 

« Edinburgh Review.— Phil. Trans, for 1800. 
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resemble in character that spot, the systems from which they come 
are situate so deep in space, that these rays do not reach our earth 
until after travelling across intervening abysses during centuries, whose 
number stuns the imagination :— there may be some, regarding which 
that dim illumination informs us — ^not of their present existence, but 
only what they were, and sent forth iato space the light we are now 
receiving, at an epoch farther back into the past than this momentary 
epoch of our human race by about thirty miUiona of years T'* 

Korean we here refrain from recalling the words of an eminent 
divine in referring to these wonderful works of God, and the light 
which they throw upon our knowledge of his ways and dealings with 
men. He institutes a comparison between the telescope and the 
microscope, and shows the relation which they sustain to each other 
and to ourselves. *' The one," says Dr. Chalmers, ** instructs us that 
this mighty globe, with the whole burden of its people and its coun- 
tries, is but a grain of sand in the vast field of immensity ; the other, 
that every atom may harbour the tribes and families of a busy popu- 
lation. The one shows the insignificance of the world we inhabit , the 
other redeems it from all its insignificance — ^for it tells us that in the 
leaves of every forest, in the flowers of every garden, in the waters of 
every rivulet, there are worlds teeming with life, and numberless as 
are the stars of the firmament. The one suggests to us that, above 
all and beyond all that is visible to man, there may be regions of 
creation wnich sweep immeasurably along, and carry the impress of 
the Almighty's hand to the remotest scenes of the universe ; the other, 
that within and beneath all that minuteness which the aided eye of 
man is able to explore, there may be a world of invisible beings ; and 
that, could we lay aside the mysterious veil which shrouds it from our 
senses, we might behold a theatre of as many wonders as astronomy 
can unfold — a imiverse within the compass of a point so small as to 
elude all the powers of the microscope, but where the almighty Ruler 
of all things finds room for the exercise of his attributes— where he 
can raise another mechanism of worlds, and fill and animate them all 
with evidences of his glory." 

We have thus attempted, as a fitting introduction to the investiga- 
tion of the mechanism of the heavens, to sketch the rise and progress 
of astronomic science ; and it will be found that in its annals Uiere 
is much both of instruction and encouragement to all engaged in the 
pursuit of knowledge and truth. It would, indeed, have been plea- 
sant, had our space permitted, to have wandered in the many bye- 
paths which invite the footsteps of the student in these departments 
.of historic and scientific investigation, and to have seen more of Uie 
biography and philosophy of the theme ; it will be enough if any 
taste may have been aroused or cherished in the minds of our readers 
for such pursuits, and other opportunities will be rendered available. In 
the retrospect of the history of astronomy, we may conclude by quoting 
the words of an eloquent and impressive writer, who pointedly sums 
up, as it were, the records of the past. 

]^ difficulties, he says, should arise and oppress the mind, ''let it 

♦ Architecture of the Hevrwia^ v&. vi*!-^* 
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be remembered that the astronomer has ever lived, and never dies. 
The sentinel upon the watch-tower is relieved from duty, but 
another takes his place, and the vigil is unbroken. No — ^the astro- 
nomer never dies. He commences his investigations on the hill-tops 
of Eden ; he studies the stars through the long centuries of antedelu- 
vian Hfe. The deluge sweeps from the Earth its inhabitants, their 
cities, and their monuments ; but when the storm is hushed, and the 
heavens shine forth in beauty from the summit of Mount Ararat, the 
astronomer resumes his endless vigils. In Babylon he keeps his 
watch, and among the Egyptianpriests he inspires a thirst for the 
sacred mysteries of the stars* The plains of Shinar, the temples of 
India, the pyramids of Egypt, are equally his watching-places. 
When science fled to Greece, his home was in the schools of her phi- 
losophers, and when darkness covered the earth for a thousand years 
he pursued his never-ending task from amidst the burning deserts of 
Arabia. When science dawned in Europe, the astronomer was thtf e 
— toilixig with Copernicus, watching with Tycho, suffering vnth 
Galileo, triumphing with Kepler. Six thousand years hove rolled 
away since the grand investigation commenced. We stand at the 
terminus of this vast period, and, looking back through the long vista 
of departed years, mark with honest pride the successive triumphs of 
our. race. Midway between the past and future, we sweep backward, 
and witness the first rude effort to explain the celestial phenomena. 
We may equally stretch forward thousands of yeaiB, and, although 
we cannot comprehend what shall be the condition of astronomical 
science at that remote period, of one thing we are certain ; the past, 
the present, and the future, constitute but one unbroken chain of 
observations, condensing all time, to the astronomer, into one mighty 
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THE PLAmETABT STSTElf. 

General Appearance of the Heavens — The Flimets— The 8«ii<->INnitoiloaft 
Distance, and Fhysieal Constitution of the Sun. 

When wc turn our eyes heavenward we see that which appears to be 
a hollow hemisphere, placed at an indefinite distance from uji* and 
surrounding the Earth on every side. When no obstacle interrenes, 
this vast concaTe is illumined by a brilliant orb, whidi ascends from. 
the eastern horizon, passes over our heads with majestic i^lendoar, 
and then sinks gloriously to the west ; like some god, who, having 
through the day enunciated to a world-audience thoughts of fire in 
words of light, gives in his peroration his meet sublime conceptions. 
The faint twilight which is left quickly disappears, and then there 
emerge to light a multitude of luminous points, of various degrees of 
brilliancy, and whose numbers increase as the darkness ou^pments. 
Some rise at the eastern horizon, and having attained considerable 
elevation in the south, set in the western part of the sky ; and from 
the resemblance of their movements to those of the Suoi it might be 
inferred that they revolve round the Earth as he seems to do. But 
witii other stars it is different. Those which rise exactly in the east 
set exactly in the west ; those which rise to the south of east, set 
south of west ; and many which rise, somewhat north of east, set 
somewhat north of west; but in looking northward we see stars 
which appear neither to rise nor to set, but which perform a com- 
plete circle round a particular point of the heavens. Thus the seven 
stars which compose the group called the Qreat Bear, never rise nor 
set to an inhabitant of I^ndon, and if they become invisible, it is 
because they are obscured by clouds, or by the superior brilliancy of 
the Sun. These stars, and others in their vicinity, describe a circle 
round the Pole Star, which, to a common observer, never seems to 
vary its position. If, however, a telescope be placed in a fixed posi- 
tion, ana directed to ttiis star, it will be found that, after an hour or 
two, it will have moved out of the field of view. It is, however, the 
nearest star to the north pole, and hence has received the designation 
by which it is characterised. 

An intelligent or inquiring observer of the heavens will now nata* 
rally ask whence these stars came, which are thus seen graduallT 
emerging from the eastern hori2<m? whither have those gone which 
iiave sunk away to the west } Is the motion of these countlesa Qth«. 
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around our Earth real or apparent only i Reflection, with the aid of 
a little information, will soon suggest that the stars which are seen 
rifling on the east, come from another hemisphere of the heavenSy 
which is invisible £rom the point at which we stand, and which we 
are apt to imagine is below the hemisphere which we behold abovd ' 
us, and when Uiey set in the west, return to that hemisphere again ; 
and that the reason why the stars are invisible during the day is ' 
because their light is overpowered by the more vivid splendour of the 
orb of day. Hence we learn that the world in which we dwell is sttn- 
pended in empty space, and is surrounded on all sides, above and 
below, by the expanse of the firmament, in which the Sun, Moon, 
planets, and stars appear to perform their diversified motions and 
revolutions. The conclusion is also drawn from these observationa 
that the whole sphere of the heavens performs an apparent revolu- 
tion round our world ; carrying, as it were, all the stars along with it 
in the space of twenty-four hours,* 

Again, if we watch the heavens with some attention durins suc- 
cessive nights, we shall find that by far the greater number of stars 
never vary their relation to one another ; they each preserve precisely 
the same distance, and the same position. Thus, those which form 
what are called the sword and belt of Orion present to our eye the 
same appearance during the whole period during which they are 
visible ; and the same is the case with all the fixed stars. Further 
observation will, however, show, that there are certain bodies which 
re'gularly change their positions, sometimes appearing to move to the 
east, sometimes to the west, while at others they seem to be stationary. 
These bodies have obtained the name of planets^ or wandering stars ; 
and in our latitude they are most frequently seen, either in the 
eastern or western, or in the southern parts of the heavens. By 
careful examination, it has been ascertained that these all move round 
the Sun at various distances, and form, with the Earth and several 
smaller globes, one harmonious system. This is usually designated 
the solar system ; and to it we have now to invite the attention of 
our readers. 

Here it will be well to premise that those stars which are constantly 
changing their relative positions in the celestial sphere, and which 
are among the most conspicuous in the heavens, are c&Wed planets, or 
wandering stars, being so named by the Greeks. The modern dis- 
covery of satellites and periodic comets has rendered it necessary to 
adopt a more precise terminology in order to individualise the class 
of objects to which the term is applied ; and accordingly modem 
astronomers understand by the term planet, a body which, in a 
telescope of sufficient power, exhibits a round and weU- defined disc, 
and which revolves about the Sun in an elliptic orbit, not difiering 
very greatly from a circle. The planets, like the Earth, are nearly 
spherical, and being opaque, become visible only by refiecting the 
light which they receive from the Sun. The primary planets are 
divided into the superior and the inferior ; the former comprising those 

♦ Dr. Thomas Dick. 
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which are at a greater distance from the Siin than the Earth ; and the 
latter, those M'hose distance is less than that of the Earth. 

On watching the moUons of any of the conspicuous planets for a few 
days or weeks, their chanji^e of position among the fixed stars becomes 
perfectly obvious, eyen without the aid of an instrument to measure 
their relative distances. Their paths deviate little from that followed by 
the Sim in his apparent annual revolution through the heavens ; but 
their motions are exceedingly irregular. Sometimes they advance 
rapidly, then relax in their speed, stop, and then move for a while in 
an opposite direction. Through the most considerable part of their 
orbits they move, unlike the Sun, frt>m west to east, in opposition to the 
dail^ diurnal motion ; their course is then said to be direct. When 
it hes in the opposite direction, their motion is retrograde t and 
between each change from the one direction to the other, they remain 
for a few days stationary. On the whole, however, the direct motion 
prevails, and the planets make the entire circuit of the heavens. 

When, the idea is abandoned of the Earth being the centre of the 
planetary motions, there can be no hesitation as to the fact of the 
Sun's occupying that position. When we consider the immense mass 
of that luminary, and the office which it performs to us as the quies- 
cent centre of our orbitual motion, nothing can be more natural than 
to suppose that it may sustain similar relations to other globes, which, 
like the Earth, may tie revolving roimd it ; and these globes may be 
visible to us by its light reflected from them, as it is with the Moon. 
And this is the conclusion which is supported by aU the facts of the 
case. 

The planets bear resemblance to our own globe in their size, while 
several of them are much larger. The telescope reveals to us the 
frust that they are round, of considerable apparent diameter, having 
distinct characteristics which show them to be solid masses, each 
possessing its individual structure and mechanism ; and that, in at 
least one instance, an exceedingly artificial and complex one. That 
their distance from us is great, much greater than that of the Moon, 
and some of them greater than even that of the Sun, is shown from 
their being occulted* by the Moon, and also from the smallness of 
their diurnal parallax, which even for the nearest of them, when most 
favourably situated, does not exceed a few seconds, and for the 
remote ones is almost imperceptible. From the comparison of the 
diurnal parallax of a celestial body with its apparent semi- diameter, 
we can at once estimate its real size. 

Again, some of the planets, as Mercury, Venus, and Mars, when 
Tiewcd through telescopes, exhibit the appearances of phases like 
those of the ^on, which proves that they are opaque bodies, shining 
by reflected light, which can come only from the Sun. 

From these and other circumstances it is found that when we refer 
the planetary movements to the Sun as a centre, all that apparent 

• From the Lathi oooufto, I coDceal. Oeenltatioiis are those phenomena by 
which a planet or star beooroes hidden firom oar view by the intervening passage 
of the Moon. By analogy, a total eclipse of the Son might be called aDOCColtSr 
ticm of the Son by the lioon. 
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irregularity which they offer when viewed from the Earth, disappeazs, 
and is resolved into a simple and general law, of which the Barth's 
motion is only a peculiar case.* 

The first and grandest object which arrests the heaven-directed eye, 
is the glorious Sun — the centre and soul of the planetary system-— the 
lamp that illumines it — ^the fire that heats it — the sceptre that g^dss 
and controls it. 

Who does not love to see this glorious orb rise above the eastern 
horizon on a morning in spring } ' The white and fleecy log is 
still in the valleys, and along the courses of the streams, while the 
entire landscape is so soft, shadowy, and undefined, that the visihle 
outline can scarcely be filled up but by conjecture. At length one 
streaming beam of gold lights up the heavens with a beauteous 
hue, and then the shadows extend from eminence to eminence, 
filling all the intervening hollows, while the rising grounds are soon 
displayed in that beautiful grouping of light and shade, which never 
appears when the Sun has come fully above the horizon. The fogs 
now melt away, except, perhaps, a few trailing fleeces over the 
streams and lakes, that are sheltered beneath steep or wooded banks ; 
yet these soon retire, and the mingled woods, streams, and fields, are 
arrayed in green and gold. The hours pass aiway, and at length it 
reaches the fulness of its splendour and its power, giving its azure 
to the sky, its verdure to the meadow, its rainbow hues to the ^y 
world of flowers, and the ** purple light of love" to the cheek of youth 
and of beauty. 

And now it is afternoon ; and as the hours are waning away with a 
mild harmonious gentleness, the busy hum of day partly ceajses, ; the 
whirl and glancing motion of countless insects, each happy in its 
own existence, attracts the attention ; while the floating gossamer 
goes gently sailing pest. Like a frail purpose, a single breath 
will turn its course in the wrong direction. Along the old green 
lanes the shadows are becoming more lengthened and deep ; and a 
Bomewhat dimmed and apparently watery ray falls upon each promi- 
nent or more elevated object. The gushing melody of the birds has 
ceased ; the laden bee is humming her way to join the queenly hive ; 
and the rooks are wending their course to the nightly aerie on noiseless 
wing. And now the sim approaches to the verge of day, and at 
length — 

" Wenried with sultry t(xll> declines and falls 

Into the mellow eve : the west puts on 

Her gorgeous beauties — palaces, and halls, 

And towers, alLcarved of the unstable cloud* 

Welcome the calmy waning monarch — he 

Sinks gently midst that glorious canopy, 

Down on his couch of rest — ever like aprond 

King of the earth — the ocean." 

Put we must not linger, and must hasten to observe the movements 
which it presents to us. If, about the 2l8t of March, we place our- 
selves on an open plain, with our face towards the south, the sun will 

» Outlines of Astronomy, by Sir John Hcrschel, Bart- 
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appear to rise on our left, or doe east, about six in the morning, and 
Will set due west about the same hour in the evening. 

Li the month of June he rises to our left, but somewhat behind us, 
in a direction towards the north-east, ascends to a greater height at 
noon than in the month of March, and after describing a larger arc of 
the heayens, sets on our right, and still behind us, in the north- 
western quarter of the sky. If we stand in the same position in the 
month of December, we may observe his rising and setting without 
turning ourselves. At the south-eastern point of the compass he 
will be seen at a little after eight o'clock in the morning. He reaches 
the highest point of his elevation in about four hours, and sets in the 
south-west in the afternoon, having described a small arc of a circle 
above the horizon. Every day he seems to move a little towards the 
east, or contrary to his apparent diurnal motion ; for the stars which 
are seen to the eastward of him appear every succeeding day to make 
a nearer approach to the place in which he is seen. All the variety 
of these successive changes is accomplished within the period of 365 
days 6 hours. 

When we see the Sun pursuing his course through the heavens— 

** Mi^estic, Bilent, and alone** — 

the impression arifies in the minds of some, that there are no other 
celestial orbs diffusing their beams around ; yet there are as many 
stars, on an average, around us in the firmament, amid the fullest 
blaze of the noontide Sun, as in the clearest night. By means of equa- 
torial telescopes, indeed, which can be made to point to any parti- 
cular portion of the heavens, nearly all stars may be seen even at 
noon-day, and their exact position traced ; and sometimes, too, in 
deep mines and wells, large ones may be seen when passing near the 
zenith,* and the planet Venus has frequently been seen in the 
daytime, when at no great distance from the Sun. By these means 
astronomers are enabled to trace the exact path of the Sun among the 
stars ; they can see by what clusters he is surrounded — or to what he 
is approaching — with as much accuracy as if it were midnight. 

The solar orb appears to many only as a flat luminous circle of a 
few inches diameter, or as a brilliant lamp, of no very remarkable 
dimensions, suspended in the firmament to enable men to prosecute 
their daily labours. And even minds of an elevated order, to whom 
serious reflection on important themes is not unusual, have fre- 
quently failed to understand aright the simplest facts relating to this 
most wonderful luminary ; while men of vast learning on many topics 
have been content with the possession of the crudest and vaguest 
views in reference to the constitution of this the orb of day, and the 
influence it exercises on mighty worlds as their soul, centre, and con- 
necting principle. 

Let us, however, direct our attention to the object itself, and see how 
far our own ideas are commensurate with its grandeur. And first, 

* This ie the point in the heavens which is directly over the head of tIhA 
observer. 
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of its dimeruUma, The diameter of tlxe Sun is 880,000 miles, and its 
circumference 2,764,600 miles. Its surface contains more than twelve 
thousand times the number of square miles there are on our ^obe, 
and its solid contents are 1,350,000 times the amount irhich the Earth 
contains, so that it would take more than a million and a quarts: of 
slobes as large as our own to make one equal to the size of iha Son. 
The extent of Uie surface of the Sun may be illustrated by the following 
calculation :— It is stated that the splendid view from Mount Etna com- 
prehends a cirde two hundred and forty miles in diameter, containing 
45,240 square miles. Now this is only the fifty-three-millionth part 
of the surface of the Sun ; so that ^ly-three millions of landscapes, 
as extensive as that beheld from the summit of Etna, must be seen 
before an extent equivalent to that of the Sun would be gained. Of 
its magnitude another estimate has been made by Dr. Dick, which 
may aid in giving an idea of the almost boundless dimensions of this 
great luminary. The Earth contains about two hundred and sixty- 
four thousand millions of cubical miles ; the planet Jupiter is fourteen 
hundred times larger than the Earth ; Saturn is about a thousand 
times, and Uranus about eighty times, larger than the world ; yet the 
Sun is found to be more than five himdred times larger than 
those planets, and all the other planets, moons, and comets of the 
solar system, taken together. 

If the inquiry be suggested, why the Sun appears so small to us, ii 
it is really so immense, the difficulty is at once removed, on the con- 
sideration of its distance from the Earth. This is nearly 96,000,000 
of miles— a space so prodigious, that if a cannon-ball were to be dis- 
charged at the Sim, and were to proceed at the rate of no less than 
five hundred miles an hour, more than twenty-one years and 
a half would elapse, ere it reached its destination. And yet this orb, 
in the contemplation of which our noblest faculties are exhausted, 
and of which we strive in vain to gain an adequate conception, is but 
one out of millions of similar globes which exist around us in the 
vast universe of space ! 

The investigation of the physical constiiution of the Sun, however 
superficial it may be, introduces us to considerations of remarkable 
interest. Before the invention of the telescope, the Sun was regarded 
as having a broad, round face, with an even and equal glare of light ; 
but the researches of Galileo demonstrated that it was not of uniform 
brightness, but was speckled here and there with dark spots ; while 
the application of the instruments of more modem astronomers have 
shown that the entire surface is very irregular and uneven in bril- 
liancy. Many of thcso spots, as they are designated, have been mea- 
sured, and the smallest of them are nearly a thousand miles in width, 
while others are more than twice the diameter of our Earth. These 
are, however, by no means uniform, and though sometimes they may 
be seen on the solar disc for weeks, and even months together, yet 
some of the largest will disappear in a few weeks, and not un&e- 
quently in as many days, and a hundred spots of all sizes have been 
dispersed over the surface of the Sun at one time. Dr. Dicx observed 
two spots, each of them larger than the Earth, and containing, at 
least, three hundred millions of square miles, which were formed 
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near the centre of the iolar disc, of which no trace wai teen forty 
hours before — a remaikable illustration of the amazing rapiditj with 
whidi these mighty masses are formed, and disappear. Whaterer 
the luminous matter ma^ be, it is never at rest, but " tumbling and 
weltering" in endless agitation. 

Numerous h3rpotheses have been advanced respecting the soUur 
spots. Scheiner supposed them to beplanets, rerolving at no great 
distance from the Sun. Galileo and Hevelius conceivea them to be a 
sort of 9eum or scoria, formed at the surJhce of the Sun, and floating 
in an ocean of liquid matter. Lahire considered that they were pro- 
tubertot parts of solid space, and irregular masses, floating in the 
fluid matter of the Sun. Dr. Wilson, of Glasgow, accounted for 
them by supposing the Sun to consist of a dark nucleus, covered, to a 
certain depth, by luminous matter, through which cavities or gulfs 
are made by volcanic or other actions, and which thus permit the 
dark nucleus to be seen. Lalande suggests that they may be merely 
the stunmits of moimtains usually covered by the igneous fluid, but 
which, by the flux and reflux of the latter, sometimes protrude beyond 
its surface, and thus become visible. Various interesting appearances 
presented by Uie Sun, however, have led to the conclusion that the 
great mass of the Sun forms a round, solid, and opaque globe. 
Aroimd this mass is a transparent atmosphere, or ocean of clear air, 
the depth of which is estimated at, perhaps, upwards of a thousand 
miles. Within this clear atmosphere float hup;e masses of luminous 
matter, or " blazing cloud," as it has been designated, of such quan- 
tity and extent, as for the most part to cover and overshadow the 
surface of tiie Sim. This floating fire, in its never-ending foldings 
and contortions, sometimes breaks out with unusual intensity in one 
part, or leaves vast openings in others, through which the scruti- 
nising observer on our own globe, and possibly in other planets, sees 
the black naked body of the Sun, The ceaseless agitation of the 
fire-douds is sometimes varied by explosions here and there, leaving 
huge rents, which, however, are soon closed up again by the sur- 
rounding masses. 

The apency by which this perpetual stream of light and heat is pro- 
duced, IS matter only for speculation. Not only are there no data by 
wMeh this could be defimtely ascertained, but it is certain that it 
must be by some means to which the chemistry of the Earth presents 
little analogy. " Every discovery in chemical science,'" says Sir John 
Herschel, ** here leaves us completely at a loss, or rather seems to 
remove further the proroect of probable explanation. If conjecture 
miffht be hazarded, we should look rather to the known possibility of 
an mdefinite generation of heat by friction, or to its excitement by the 
electric discduurge, than to any actual combustion ot ponderable fuel, 
whether solid or gaseous, for the origin of the solar riMiation." 

When the enormous and incessant emanation of light and heat from 
the Sun is considered, it has been discnised whether the volume of 
the orb itself does not undergo diminution. . If the temperature be 
maintained by eleetrio oorrcnts or by friction, as Sir John HersolMl 
suggests, no loss of volume would be sustained ; but if, according 'te 
the hypothesis of Newton, light is ^gnodantd. Vj ^Sm «aiba)6kssfiL ^ 
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luminous particles, a diminution of size would appear to be an iadia- 
pensible consequence. 

Observation, howeyer, gives no information on this subject, for 
supposing an-a«tual decrease to proceed at such a rote as to lessen the 
diameter of the Sun by two feet every twenty-four hours — which may 
be regarded as an enormous amount when the Sun's magnitude is remem- 
bered — three thousand years would elapse before the decrease of the 
apparent diameter would amount to a single second. We may add 
that Buflbn supposed the Sun to be an immense furnace, alimented by 
comets which precipitate themselves into it from time to tinxe, and 
thus maintainea its original dimensions unimpaired. 

And here let it be remarked, that familij^rity with our blessings 
often produces indifference to their value, and thus is it that we 
regard the Sun, with all its cheering and invigorating operations upon 
the Earth, as common and little worthy of note. But let its beams be 
withdrawn from us, if it were only for a short time, and how changed 
would be the face of this now beautiful Earth ! Day, itself, would 
fade into everlasting night ! the revolving seasons would bring with 
them no blessings as they have been wont ; vegetable and animal 
life would be extinguished. " The fig-tree would yield no blossom ; 
neither would there be fruit in the vines. The labour of the olive 
^vould fail, and the fields would yield no meat ; the flocks would be 
Lit off from the fold, and there would be no herd in the stall." 
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TIIK PLANKTAltT SYSTEM, CONTINUKD. 

Tlic plnnet Mercury— VeniM - tlie Earth — Tcleacopic Api»caranco and lliyslcal 
ConfitJtution of t?:e Moon. 

^Ikucvkt is tlic nearest of the planets to tho Sun tlmt has yet boon 
discoverod, though it is not unprobablo that ono or more may exist 
within its orbit. Yet its disc — 

** Can 9omte be eaught by philoiophio eye, 
Loft in the near elbtlgence of his Maze." 

It is situated about 36,000,000 o{ miles from the eun, and performs 
its revolutions around that orb in about eighty-eight days, that 
period constituting its year. The name of the planet signinus *'tho 
swift messenger/' and it has in fact, the most rapid motion in the 
solar system, its rate averaging nearly 110,000 miles an hour. In 
consequence of its proximity to tho bun — being almost three times 
nearer than the Earth— its amount of light is about seven times 
greater than what we receive; and the Bun would appear to a 
spectator in that planet seven times larger than to us. Such eyes 
as ours would bo unable to sustain so dazzling a brightness, unless 
their pupils were contracted to tho diameter of one-fiftieth of 
an inch. 

A circumstance which may be mentioned, satisfactorily proves that 
Mercury does not shine by virtue of any light of its own, out merely 
by that reflected from tlie Sun. lliis is the existence of phases, 
similar to those periodically exhibited by the Moon. When Mercury 
appears at its greatest distance from the Sun, his illuminated surikce 
has nearly tho form of a half- circle, more or less, according to the 
position of tho Earth. But when it is passing round on tho opposite 
side of the Sun to that at which the Earth is situated, the illuminated 
portion becomes more than a semicircle, having tho form whicli is 
called gibbouB, When the planet is at its greatest distance from the 
earth, the Sun is then between them, and shuts out the view of 
Mercury altogether, so that the whole of the illuminated disc of the 
planet is never visible to us : but when it emerges again on the other 
side of the Sun it is again seen, and his brightened surface approaches 
more and more to the form of a semicircle, as it travels into the 
position in which it forms a right angle with the Sun and the Ea3:0&^ 
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As it proceeds in its orbit, it approaches nearer to ur, and its semi- 
circular phase becomes diminished to a crescent, which attains its 
smallest dimensions when it is either exactly ovor or under tlie Sun, 
and then only a few of the rays reflected from the surface of Mercury 
can reach the Earth. These remarks likewise apply to the planet 
Venus. 

At certain periods this planet may be obserred to pass across Uie 
disc of the 8un« like a small dark spot ; this is cidled its transit. The 
next transits visible in this counby will occur in Norember 12th, 
1861 ; hi 1868 ; and in 1878. 

Veatis, well known as the morning and exemng star, and called by 
the ancients the soddess of beauty, is the most beautiAil of all the 
planeta. Milton nas said : — 

*■ 7airett of stars, last in the train of ni^t, 
If better thoa belong not to the dawn. 
Sure pledge of day that crowns't the smiling mom 
With thy bright drolet." 

Ihe deaniess and brilliancy of this planet are due to its aiae, and 
especially to its proximity to the Earth, and at her period of greatest 
spiendonr Yenus casts a real shadow on a white ground, and ia some- 
timea visible in broad daylight. Its light is then estimated as eqnal 
to that of twenty stars of the first magnitude. The distance of Venus 
from the Sun is reckoned at 68,000,000 of miles ; its diameter ia much 
greater than that of Mercury, being about 7,800 miles, and nearly that 
of the Earth. 

Venna, being an infiBrior planet, is neyer seen ui opposition to the 
• Sun. Its phases are changed, like those of the Moon, according to 
its Taxions positions in relation to the Sun and Earth. Whoi itfirst 
emerges firmn the light of the Sun in the mominff, it appears as a fine 
luminous crescent, uie horns of which are turned away n-om the Sun. 
As the planet recedes from the orb of day, the breadth of the crescent 
increases till it becomes a semicircle, after which the disc augments 
-till it appears as a full orb, the illuminated side of which is turned 
■towards the earth. These changes, though inyisible to the naked 
=«ye, are presented in an ordinary telescope, and formed one of the 
'earliest discoyeries which Galileo made with his instrument. When 
he published these and other evidences of the truth of his yiews of the 
mechanism of the heavens, the senators of Venice, most of whom were 
men of learning, inyited the astronomer to visit them, and in their pre- 
sence to make a trial of his own instrument. " He complied with 
their requests, and, on a fine, clear, and serene evening, mounted his 
telescope on the Tower of St. Mark, and showed them' several of the 
discoveries he had made, and particularly the appearance of Venus, 
which was then near the point of its greatest elongation from the sun. 
One senator after another beheld the planet through the telescope, 
and all were surprised that more than half of its atmosphere was 
obscured ; that it did not appear round as most of the other heavenly 
oorbs, but inclining to a crescent, with points, or horns, at its opposite 
sides. Upon this Galileo proceeded to show how this phenomenon 
furnished a demonstrative proof of the Copernican system of the uni- 
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>e recogniasd bj ^ intelligent and unpr^ndiced minds, and, in the 
nidst of everf oppoaitioa, to be exteoMveljr propBgatod tLioogh tlia 




It ii remarkable that, though the disc of Tenai 



portion to that of otherplanela, yet when Been throngh a teleacope it 
cannot be so cleartj' denned as that of the more diatant planete, Q>» 
intense brilliancjr of its illuminated part daizling the Bight, and at- 



aegeratinff creiy imperfection of the telescope. It la. howerer, 
obTioaa that its surface is not mottled over with penxxanent spotB 
like the Moon ; neither mountains nor shadowa can be detected, but 
a Tinifonn brightncas ia preserved. It is from obserrationa of thi* 
kind that it has been concluded that Mercury and Venns rerolve on 
th^ own Bxia in about the aame time as the Earth. Sir John Hera- 
chel, howerer, conaidere, from the Tery rare appearance and want of 
permanence in the spota, that we do not Bee, as in the Moon, the real 
surface of these ~ plan eta, but only their atmospherea, moch loaded 
with cloude, and which may tend to mitigate the otherwise intense 
glare of theirsunshine.f 
Though Venui is dmost as.large as the Earth, yet it roorea with 
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greater rapidity in order to compensate for its proximity to the Sun, 
and its rate of motion is about 23 miles a second, or 80,000 miles an 
hour— a speed of which it is impossible to form an adequate idea. 
When Venus orosses the Sim's disc, it can be distinctly seen -with the 
unassisted eye as a daik, well-defined spot. These transits are yery 
r^e, but are of the highest importance to astronomers as affording the 
beat means of xtifiasuzing 1^ distance of the Sun from the Earm — a 
roeasurement which is the basis of the calculatioiL of all tho other 
distances.* 

The Earth next demands consideration in the order of the planetary 
system, and the general zelations which it sustains to the other 
planets. 

*^ Mors* distant still, our Earth conMS'rDllfaig on, 
And finrns a wider circle round theStm ; 
With harithe Moon, companion erer dear, 
Hareoosss* attending through thBihlniug-jMr.** 

The flgme' and 'dimensions of the Earth have been ascertained from 
th3& combined irestdts^of mathematiool theory -i^th actual observation 
andmeesoremdnt. If the Earth were fluid, and bad no rotation, its 
figure would be that of' a sphere.; but -its 'rotation gives rise to a force 
which -tends to moke evety pastidle recede from the axis, and which 
is proportional to the dtettmce of the-pasticle from the axis. Hence 
we should infer that in order, that eqttiliteiiun may be restored, an 
aecunrulation of matter must take place round the equa:tor, so that 
the mass will bulge out in that region, and become flattened at the 
poles. These theoretical eonsidenitions are fully corroborated by 
experiitnenrs of various kinds :>ttid -it is demonstrated that the true 
figure of the Earthissomewhttt elli|i|tical, or flattened, in the manner 
of an orange. But wlule, in speaking strictly, the Earth is not a 
globe, but an oblate ellipsoid, yet the difference is so trifling that 
for all ordinary purposes it may be called a globe. The exact pro- 
porliohs may be illustrated by the fact, that if a model were made 
of wood, and pr^esented to us, the eye would not detect the flat- 
tctiing, since the difference of diameters in a globe of fifteen inches 
would amount to only one- twentieth of an inch. 

The diameter of the Earth is nearly 8,000 mUes, and this ponderous 
mass lias been estimated on the best computations to weigh, at least, 
2,200,000,000,000,000,000,000, or more than two thousand trillions of 
tons, is suspended in mid-heaven, resting on nothing, surrounded by 
the myriad bodies of the universe, and all supported and regulated in 
their movements by the invisible arm of Omnipotence. f And this 
mighty Earth revolves upon, its own axis with immense rapidity, and 
rolls through infinite space at a speed of 08,000 miles an hour. 
Spinning, she — 

" Sleeps 
On her soft axle, she paces evcu. 
And bears ua swift with the smooth air along." 

" Who can utter the mighty actx of the Lord ?" 

• Dr. Carpenter's Mechanical riiilosopVy, 
t Dr. Dick. 
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The Earth is wrapped in an inrisible fluid, called the atmoaphere, 
which is most dense at the surface of the Earth, and is considered to 
extend to a distanee of about fifty miles around. At the height of 
between forty-three and forty-eight miles, it is so rare that it will not 
refract the rays of light. This invisible swaddling-band accompanies 
our orb in its diurnal and annual motions ; it is the prime supporter 
of life, tlie promoter of vegetation, and essential to idl that is beautiful 
to the eye and pleasant to the car around us. It is usually- estimated 
that in a hundred measures of atmospheric fluid, there are seventy- 
five of such parts nitrogen, twenty-three oxygen, and two carbon. 
Were these proportions br any means to be altered, the consequences 
to man ond the Earth itself would be fearful indeed. ** If the Almighty 
were to usher forth the following fiat : I^et the nitrogen of the atmo- 
sphere be dissolved, and let the oxygen thereof exert its native energy 
without control wherever it extends ; in the twinkling of an eye, 
every region of the Earth would bo encompassed in a devouring fiery 
clement, which would not oiilv consume vegetation, but wotdd cause 
the hardest rocks of the Eartfi to trickle down lUie wax before the 
taper.*' 

Though it is not our present duty to enter on the consideration of 
tho physical structure of the Earth ; yet it may not bo irrelevant to 
allude to one hypothesis that has been advanced in reference to its 
forxnation, which, if correct, maybe regarded as equally applicable to 
other worlds. We allude to tho argument of the central heat of the 
Earth. From numerous observations made in mines, and at dif- 
ferent depths below the surface, it scarcely admits of dispute that the 
temperature increases as we desoend. Thus the inference has been 
deduced that some part of the Earth, whether it be the centre or any 
other part is not a matter of moment, is much hotter than it is near 
the surface, and that as this heat is gradually esoapin^, ouz tempera- 
ture must be affected by it. The hot springs which issue forth, and 
tho irruptions of heated and liquid matter from the volcanoes in 
various parts of the world, are considered to indicate that there is a 
great degree of heat either existing naturally, or produced by some 
causes, in the interior. Objections have, indeed, been urged to the 
evidence which is furnished of the gradually increasing temperature 
as we descend into mines, from the sources of inaccuracy which may 
attend the observations ; but on the other hand, it is affirmed that the 
temperature of the water from wells of various depths, especially from 
the artesian, cannot admit of any other explanation than that the 
water acquires its increased temperature in passing through heated 
strata which intervene. Since the water in the artesian wells is 
prevented from being carried away by the sides of the tube ; and since 
It must have orieinally descended from the surface of the Earth, and 
have then had the temperature of water at its surface, it must have 
acquired its increased temperature by its passage through hot strata. 
In every instance, the temperature depends on the depth of the well, 
and the law of increase as furnished by some very favourable obser- 
vations, was 1 dcg. Fahr. for about every fifty-two feet of descent ; 
and this result agrees very nearly with some results more recently 
obtained, from observations in the mitwcik oiTie^-^^vx,^- ^V^SissjcK 
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rMult be zeceived as an approximatioii to the truth, and the hypothesis 
of a central nucleus of nuld water be admissible, we should, at two 
miles below tiie surface, reach the ordinary boiling-point of water, 
and at a depth of twenty-five miles the meeting -pomt of iron. On 
thia yiew there is a comparatively thin crust of soUd matter resting on 
an enonnoui mass of hot liquid ; while the researches of Fourier show 
that the influence which this liquid nucleus can produce on the tem- 
perature of the surface is very small, owing to tne slow conducting 
power of the solid crust. The rate of increase of heat has been 
variously estimated. The temperature of 100 deg. of Wedgewood, 
which is sufficient to fuse the lavas and the greater part of the known 
rocks, would be found, according to the estimates of some, at the 
depth of 125 miles ; but M. Cordier, who has collected a great 
number of facts on this subject,* is of opinion that the mean thickness 
of the solid crust of the Earth does not exceed sixty miles. 

The superficial extent of the Earth includes upwards of 197,000,000 
of square miles, and its solid contents amount to 260,000,000,000 of 
cubical miles. Huge as this is, it is only like Snowdon to Mont 
Blanc, when contrasted with Jupiter, Saturn, or Uranus. The 
areas and solid contents of these planets are about as follows : — 

Area. Solid Contents. 

Jupiter.. ••24,884.000,000 square miles 868,283,200,000,000 

Saturn ....19,600,000,000 „ 261,826,800,000.000 

Uranus.... 8,848,000,000 „ 22,487,804,000,000 

The arrangement of the solar system, so far as the Earth is con- 
cerned, and so^ far aa we can judge, is the only one which would 
answer its conditions. If the ^rth's orbit were more eccentric, as it 
is called — if, for instance, the greatest and least distances were as 
three to one, the inequality of heat at two seasons of the year would 
be destructive to the existing orders of animal and vegetable 
life. A circular, or nearly circular orbit, is the onlv one in 
which we can have a course of seasons such as that which we now 
enjoy, the only one in which the climates of the northern and 
southern hemispheres are nearly the same ; and what is more clearly 
important, the only case in which the character of the seasons would 
not vary from century to century. For if the eccentricity of the 
Earth's orbit were considerable, the difference of heat at different 
seasons, arising from the changing distances of the Sun, would be 
combined with the difference, now the only considerable one, which 
depends on the position of the Earth's axis. And as by the motion 
of the perihelion^ or place of the nearest distance of the Earth to the 
Sun, this nearest distance would fall in different ages at different 
parts of tlie year, the whole distribution of heat through the year would 
thus be gradually subverted. 

To the Moon we propose next briefiv to direct the attention of the 
reader, as being of all tne heavenly bodies the nearest to us, and the 
best seen, and therefore well calculated to excite special interest. 
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* Memoirs of the Royal Academy of Sciences of Paris. 
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And who does not loYe to behold the Moon, as she sails along with 
all her wonted dignity, illumlnine the coune and lightening the heart 
of the trayeller, uie sailor, and the peasant } Her mild and silvery 
light, shed oyer the landscape, gives a mellow and gentle beauty to 
every object, which pleasingly contrasts with the glowing lustre of a 
noon-tide Sun, while it invites the pensive mind to interesting re- 
flections and solemn contemplation. By her attractive influence, too» 
Rhe sways the ocean, and peipetuates tne regular returns of ebb and 
flow, by which the liquia element is preserved from putrefaction, 
and the inhabitants of continents ana islands from infection and 
disease. The poet has well said : — 

** Enthroned amid the cloodless blue, 

Majestic, silent, and alone. 
Above the fountains of the dew, 

Thou glidest on, and glidest on. 
To shoreless seas, and lands unknown. 

The presence of thy fiEuse appears — 
Thou eldest bom of Beauty's daughters — 

A spirit trarersing the spheres. 
And ruling o*er the pathless waters.'* 

And in the well-known description of the Trojan bivouac, we have a 
pleasing moonlight scene : — 

*' The troops exulting sat in order round, 
And beaming fires illumiu'd all the ground. 
As when the Moon, refulgent lamp of night. 
O'er heaven's clear azure spreads her sacred light : 
When not a breath disturbs the deep serene. 
And not a cloud o'ercasts the solemn scene. 
Around her throne the vivid planets roll. 
And stars unnumber'd gild the glowing pole : 
O'er the dark trees a yellower verdure shed. 
And tip with silver every mountidn's head ; 
Then shine the vales, the rooks in prospect rise, 
A flood of glory bursts from all the skies. 
The conscious swahis, rejoicing in the sight. 
Eye the blue vault, and bless the useful light." — Ilkid, 

* To the naked eye, the face of the Moon appears chequered, exhibit- 
ing dusky patches and bright ones, which, in former times, ths 
fancies of the ignorant converted into images of terrestrial thin|;8. 
Shakspere, in the Midsummer Night's Dream, introduces these def- 
ines in the speech of the clown ; — ** All that I have to say, is to 
ten you that this lantern is the Moon ; I, the man in the Moon ; 
this thorn-bush, my thorn-bash ; and this dog, my dog." 

it is in allusion to such influences that Shakspere gives expression 
in the address of Lorenzo in tho grove to Jessica : 

** How sweet the moonlight sleeps upon this bank ! 
Here will we eft, and let the sounds of music. 
Creep in our ears ; — ^soft stillness and the nfght 
Beoomes the touches of sweet harmony. 
Sit, Jessica ; look how the floor of heaven 
Is thick inlaid with patterns of bright gold 1 
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Tli«rd>8 not the rmalleat orb, which thou behold'&t 
But, in hki motion, like an angd sings. 
Still qoblng to the young-eyed cherubim. 
Soeh hftnnonj i»in immortal souls." 

The Moon is full of subjects for thoughtful contemplation to all 
who have observed its constitution. **A vast Phlegxsean region, 
two thousand miles in diameter, displaying, in every direction, the 
effects of a low extinct convulsiye agency, trayersed by tremendous 
gorges, abruptly slnkinginto immense crata-like abysses, and studded 
over with mountain rings, whose abruptly-rising pei^ equal in alti- 
tude the snowy cones of the American Cordilleras, or the highest 
summits of the great Himalaya range — the circular areas enclos^ by 
those majestic walls strewn with a chaotic mass of rocks and boulders, 
and the table districts without, seamed with vast diverging ridges of 
volcanic matter — everywhere arid desolation, the monotony of unin- 
terrupted solitude — ^the stillness, not of death, but of that condition 
in the history of worlds in which the race of sentient existence is not 
yet begun — such is the picture which modem science seems justified 
in drawing, in place of tnose * argent fields,* the abode of * translated 
saints* and * middle spirits,* imagined by Milton, or of the splendid 
marvels which a near approach to the ' eterna margharita* revoaled to 
the eyes of the great father of Tuscan song and his celestial guide. 
Nor are the alterations of light and temperature, which recent dis- 
covery assign to the lunar globe, less extraordinary. A night of the 
duration of fourteen of our own, which to nearly half the surface of 
the satellite must be unenlightened by any ray from its primary, is 
suddenly, and without the least intervening twilight, succeeded by 
the intense glare of a day of equal length. During the former period, 
the temperature must, it is presumed, be far lower than that of our 
extreme arctic regions ; throughout the latter it probably exceeds the 
heat of the fiercest equinoctial noon.'* 

The Moon belongs to that class of bodies called secondary planets 
or satellites. A primary planet is one which revolves round the Sun 
as its centre ; a secondary planet is one which moves round a primary 
planet as its- centre of motion, and is at the same time carried with lis 
primary around the Sun. The diameter of the Moon is 2,160 miles, 
and it is 287,000 miles distant fror.i the Earth. * 

The Sun always shines on one half of the Moon. Sometimes the 
whole of the enUghtened side is turned towards the Earth, at others 
only a portion of the illuminated hemisphere is seen from hence, and 
in one position the dark side is turned towards us, and then the Moon 
is invisible. About three days after '* the change,** or the period of 
new Moon, she is seen in the western sky, at no great distance from 
the point at which the Sun set, and then appears with the form of a 
slender crescent with its horns pointing towards the east. Next 
evening, about the same hour, she will have moved about thirteen 
dcfprees furth^?r to the east, and her crescent will be found to have 
increased somewhat in breadth. Every succeeding night she will 
rtccm to have moved further to the east, while her crescent is still 
increasing in breadth and luminousness, till about the eighth day 
from the change, when she presents the form of a half Moon, About 
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this period, BtUl proceedinp; eastward, she tuaumesa gibboua ■ ahape, 
till aha OTilTee aC the pinad of full Moon, when ahe ii in opposition 
to the Sun, aud rises about the tims that tile latter is setting. 
But hei full-orbed splendoar ia not long exhibited : a portion of hei 
brightneM ia giadu^j lost bj a put of hit dark hemiaphere appear- 
ing ; ahc re-BHumes her gibboua shape, and then that of a crescent, 
the horns of nhich are now turned towarda the weaL In thia position 
she ia seen onlj in the mornings beibie suniile.t 

1'he tjileaoopic appearance of the Uoon is esoeedingl; inteieating, 
and it muat be especially so «hen examined b; the aid of the ioatru- 
ment of the Barl of Kosae, which rendera Tiaible ever; object on ita 
surface that is more than 183 feet, or aizty-one yards in e:i.tent, and 
reduces the interveniiig void of 237,000 nules to the compa- 
latiyely small distance of a himilred and twenty. Dr. Scoresby, 
who examined the Moon by means of this telescope, tells us that it 
appeared like a globe of molten silver, while the various details were 
ao clearly viaible, that had there been any edi&cea of the size of York 
Minster, or evan of the nun» of Whitby Abbey, they would haTe 
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been easily perceived. *' But/' says he, " there was no appearanee 
of anything of that nature, neither was there any indication of the 
existence of water, or of atmosphere." He saw a vast number of 
extinct volcanoes, several miles in breadth, and the general appear- 
ance of the surface was ** like one vast ruin of natvire ; and many of 
the pieces of rock driven out of the volcanoes, appeared to be laid 
at various distances.*' 

The surface of the Moon is distinguished from that of the Earth, 
and, indeed, from all the other planets, by caverns, sometimes five 
miles in depth, and forty in diameter. A high ridge, marked with 
lofty peaks and numerous cavities, generally surrounds these eulfi, 
while an isolated mountain occupies the centre. The mountamous 
scenery of the Moon bears considerable resemblance to the towering 
sublimity and terrific ruggedness of alpine regions. Masses of rock 
arise at once from the plains, and rear their peaked summits to an 
immense height in the air, while projecting crags spring irom their 
rugsed flanks, and, threatening the valleys below, seem to bid defiance 
to the law of gravitation. Around the base of these fearful eminences 
are strewed loose and unconnected fragments, which f^om time to 
time seem to have been detached from the frowning battlements 
above ; and when the rents and ravines of the overhanging clifib are 
examined, they appear to be at every moment on the point of seyerance 
and destruction. The inequalities that diversify uie sur&ce of the 
Moon are shown to the obserrer when, by the aid of a poweiful 
telescope, .he notices the boundary between the dark and enlightened 
side of the Moon, when crescent-shaped, and, instead of finding a 
straight line, or an even curve, as would appear if the Moon were smooth, 
it is jagged and uneven, and not imlike the edge of a coarse saw. 

Dr. Nichol has given an admirable description of the appearance 
of the Moon's surface in an ideal visit paid thereto. ** Wandering," 
he says, " through a district, perhaps the most chaotic in the Moon, 
where ranges, peaks, round mountains, with flat tops, are inter* 
mingled in apparently inextricable confusion, where there is no plain 
larger than a common field — that, too, rent by fissures and 
strewn with blocks that have fallen from the overhanging precipices 
— we descry in the horizon what seems an immense ndge stretddng 
farther than the eye can carry us, and reflecting the sun's beams 
with dazzling lustre. On approaching this wall, through a country 
still as toilsome, it appears not so steep, but to have an outward slop- 
ing, which, however rough, is yet practicable to the strong of head 
and firm of knee. Ascend, then, O traveller, averting your eyes 
from the burning sun, and, having gained tJie summit, examine the 
landsiiape beyond landscape ! It is a type for the most horrible 
dream — a thing to be thought of only with a shudder. We are on 
the top of a circular precipice, which seems to have enclosed a space 
fifty-five miles in diameter from all the living world for ever and ever ! 
Below, where the wall casts its shadow, it is black as Orcus* — ^no 
eye can penetrate its utter gloom ; but where daylight has touched 

* The god of the lower wOrld, in the mythology of heathenism. Orcni 
corresponds with the Hades or Pluto of the Greeks. 
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he base of the chasm, it» oharaoter is disclosed. Giddy it must be to 
tand on the summit of Mont Blanc, or the Junfrau, or Teneri^ ; 
mt suppose Jacques Balmat, when he set the first foot on that lof- 
iest Alpine peak, had found on the other side, not the natural 
nountain he ascended, but one unbroken precipice, 13,000 feet deep, 
telow which a few terraces disturbed the uniformity; and at some 
Listance from its base, a chasm, deeper, from where he looked, by 
S,000 feet, than Mont Blanc is eleyated above the level of the sea>- 
vould even the stout Swiss have brought home his senses ? or rather 
vould he have returned at all, and not lain there to this hour, fasci- 
lated as by ten thousand rattlesnakes } But onwards, and to the bot- 
om of this mysterious place. No foot of man can take us there, so 
hat we must boirow a wing from the condor. Off, then — down, 
town, and arrive 1 It is, indeed, a terrible place I There are rnoun* 
ains in it, especially a central one, 4,000 feet hijg;h, and five or six 
;oncentric ridges, of nearly the same height, encircUng the chasm ; 
)ut the eye can rest on notmng, except that impassable wall, without 
)reach— only with a few pinnacles at its top, towering 17,000 feet 
loft on every side, at the snort distance of 27 miles, and baffling our 
iscape into the larger world."* 
The existence of a lunar atmosphere has been a fertile subject of 
ontroversy among astronomers. It has been urged Uiat, as the 
)rightness of the Moon is sensibly equal at all times when she is not 
ibscured by clouds in the terrestrial atmosphere, she cannot be sur- 
ounded by an atmosphere similar to that of our Earth, so variable in 
ts density, and so liable to be obscured by clouds and vapours. The 
^sumption of an equable brightness in the appearance of the Moon 
las not, however, been suffered to pass u&controverted. HeveUus 
elates that he has several times found in skies perfectly clear, when 
ven stars of the sixth and seventh magnitude were visible, that, at 
he same altitude of the Moon, at the same elongation from thjB 
Sarth, and with the same telescope, the Moon and her maculse do not 
.ppear e(^ually lucid and clear at all times, but are much brighter and 
aore distmct at some times than at others. 



* ** Contemplaticms on the Solar System.** J. F. Niohol, ^.L J)., &e. 
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produced by the attracting influences of tUe larger planets npon its 
small mass. 

Juno was discoyered in 1803. Its diameter is estimated at 1,320 
miles. Its period of revolution round the Sun is about four yean 
and four months, its mean distance being 256 millions of miles, but 
its eccentricity is enormous, amounting to more than one-fourdi of its 
mean distance. 

Geres is the next of the asteroids to the Sun, from which its mean 
distance is about 264 millions of miles. It is an interesting fact in 
the Mstory of astronomical discoyery, that the existence of the 
asteroids had been previously surmised as probable, on the ground 
that the interval between the orbit of Mercury and the other pla- 
netary orbits goes on doubling, or nearly so, as they recede from the 
Sun ; and the suggestion of £Lepler received confirmation from the 
discovery of Uranus, which follows the analogy of the other planets. 
Hence it was considered that in the interval oetween the orbits of 
Mars and Jupiter there might exist a planet which had not then been 
discovered ; and so strong was this impression upon the minds of 
astronomers, that in order to promote its discovery an association was 
formed on the continent of Europe by twenty-four observers, who 
divided tiie sky into as many zones, one of which was allotted to each 
member of the association. The discovery of the first of these was, 
however, made by Piazza, at Naples, in 1801, at Palermo. It was 
afterwards lost sight of, in consequence of its proximity to the Sun, 
and was not again seen till the close of the year, when it was re- 
discovered in Germany. Piazza called it Ceres in honour of the sup- 
posed tutelary goddess of Sicily. 

The planet Ceres is of a slight ruddy colour, and appears like a 
star of the eighth magnitude. It is surroimded with an atmosphere 
which is estimated to extend to a height of 675 miles. Its diameter 
has been very variously estimated. 

The difficulty of finding Ceres induced Dr. Olbeis, of Bremen, to 
examine with special care all the small stars that He near her path, 
as seen ^m the Earth ; and while prosecuting these observations in 
1802, he discovered another body of very similar order at nearly the 
same distance from the Sun. To this planet the name of Pallas was 
piven. The most interesting circumstance, however, connected vdth 
Its discovery, was the existence of two planets at nearly an equal 
distance firom the Sun, and apparently crossing the ecliptic in the 
same part of the heavens. Pallas, like Ceres, presents an indis- 
tinct appearance when viewed even with powerful instruments, and 
its real dimensions are very imcertain. Its diameter has been esti- 
mated by Schroeter at about 2,000 mUes, while Herschel considered it 
to be only 140 miles. The light of the planet imdergoes considerable 
variations, the cause of which is unknown. Its motion in its orbit 
is greatly disturbed by the powerful attraction of Jupiter. 

Of the physical condition of these planets little can be known in 
consequence of their minuteness. The nebulous or hazy appearance 
of Pallas indicates the existence of a vaporous • atmosphere, the 
extent of which is little repressed and condensed by the madequate 
gravity of so small a mass ; though Sir John Herschel suggests that 
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this appearance may arise from some imperfection in the telescope em- 
ployed, or i^om some other temporary cause of Ulusion. Only in Vesta 
and Pallas haye sensible discs been yet observed, and those widi 
-very high magnifying powers. *' Vesta was once seen by Schroeter 
wiUi the naked eye. No doubt the most remarkable of their pecu- 
liarities most lie m this condition of their state. A man placed on 
one of them would spring with ease sixty feet high, and sustain no 
greater shock in his descent than he does on the Earth from leaping a 
yard. On such planets giants might exist; and those enormous 
animals, which on earth require the buoyant power of water to coun- 
teract their weight, mi^ht there be denizens of the land. But of 
such speculations there is no end."* 

A new planet was added to the Ust in December, 1845, by Mr. 
Hencke, of Briessen, in Prussia, to which the name of Astrsoa has 
been giyen. It has since been obserred in England by yarious astro- 
nomers, and it appears to bear a certain relation to the four minor 
planets reYolving between Mars and Jupiter. Astrsa's revolution 
around the Sun takes place at a distance of 247,000,000 miles. It has 
been estimated to be only forty miles in diameter, or possessed of a 
surface measuring about that of Great Britain and Ireland. A writer, 
in commenting on the dimensions of this planet, compares them with 
those of our own globe. " Think," he says, ** of this tight litUe island, 
wheeling along in independent fashion through space with all its 
proper features of yegetation and of animated being, a po^t miniature 
of those respectably-sized orbs of which our own is a specimen. 
And supposmg there are men and women upon it, tYdsSs, of ^e 
miniatures of nations which they must compose, and of all their other 
social arrangements in proportion. In that case, a piece of land the 
size of four or fiye English counties will be a goodly continent, and a 
mass of sea, like the Frith of Forth, a perfect Mediterranean. 
Rutlandshire would be a large addition of the Russian empire in 
Astrsea. The more common-sized kinffdoms would be about the 
magnitude of our ordinary parishes." xLe then proceeds to sketch 
the feelings which it might be s<ipposed would be entertained by the 
Astrseans of themselyes and their world in comparison with other 
peoples and other worlds. " Perhaps they may be characterised by 
more modesty than their earthly bretmren ; and it may have happened 
that when they first learned from their Copemicuses, Newtons, and 
Herschels, how matters really stood in the uniyerse, that they fdt 
extremely abashed and disheartened about it. Let us for a moment 
imaffine uiem fully penuaded that Astrsea was the world, and that 
all uie luminous Dodies which, like us, they see in the sky, were 
merely a drapery hung up for the regalement of their eyesights. 
* What a mighty thing Astrssa is, and what a 8;rand set of beings are 
the AstrsBans ! A sun to idye us warmth and yegetation. Stars to 
begem our nishtly yiew. Sister Pallas, or Vesta, occasionally sailing 
pretty close by, about the size of a moon, as if by way of a holiday 
spectacle. Eyerything yery nice and complete about us. But, lo ! 

* Sir J.Henoiisl'sOatUneiof Astronooiy. 
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astronomy begins to tell strange tales. It now appears that there alie 
co-ordinate bodies called planets, probably inhabited as well as onis, 
and of infinitely larger size. The stars, moreoyer, are suns, haying 
other planets in attendance upon them, and these pvobable residences 
for human beings too. All at once, Astrsea shrinks from its position 
as the centre and principal mass of theiiniverse, into the predicament 
of a paltry atom, hung loosely on to a machine whose centre is far 
otherwise. And the Astreeans — the people of the world — the metro- 
politans of space — are degraded in a moment into a set of Tlllagers.' 

** Another view occurs respecting Astrsea, that, if it haye adyaneed 
in the arts conducive to locomotion, and spins at anything like an 
average rate of speed upon its axis, it may be quite possible te go 
round It in a single day, and thus enjoy either perpetual nocm, or 

Serpetual midni^t, or perpetual dawn or sunset, as taste may 
ictate. And not only tms, but if there should be any violent discre- 
pancy of seasons in the little globe, it will only be like going down 
into Hampshire to move from, the winter to the summer hemisphere, 
and thus realise all the advantages which the migratory birds possess 
in our sphere. One can imagine an Astrsean of the upper classes 
having one house in the north temperate zone, another in the southy 
and dividing his year of fifty months between them, so as to dispense 
vrith coal fires and paletots continually. The poet will not therefore 
need to say to the cuckoo, * Oh, could I fly, I'd fly with thee ; we'd 
make with joyful wing, our annual visit round the globe, companions 
of the spring !' for at the proper season he will find rulways adveriisinK 
cheap trains to accomplish Uie same purpose. The convenience of aU 
this must be very great, and for those having money and leisure, 
existence in Astrsea will, we take it, be rather pleasant. Even in 
the power of saying — ^Taking a trip round the world the other day, 
I met with a strange adventure about the hundred and eightieth 
degree of longitude, &c., there will be a happy piquancy. What 
snobs they will be who have not been at least once round the world 
in Astrsea!"* 

Within two years after Mr. Henoke's discovery of Asfr»a, he found 
a sixth, which was called Hebe. Soon afterwards Mr. Bind, of 
London, was rewarded by detecting a seventh and an ei^t asteroid, 
which were named Iris and Flora< The discovery of Hygeia, Par- 
thenope, Victoria, and one or two others, has since taken place, btft 
as in re^Brence to them little is known, tre shall not detain ike reader 
by further attention to them. 

In consequence of the anomalies and singularities in these {danets, 
the hypothesis has been advanced that they originated from the dis- 
ruption of a large planet which fortnerly moved between Mars and 
Jupiter, either by some internal explosion or haying been shattered 
by collision with a comet. Of the fragments driven into space by a 
catastrophe like this, some would be propelled by such velocity, and- 
in such directions as, under the force oi projection and solar attrac- 
tion, would make them revolve in regular orbits round the Sun. 



* Chambers' Bdinbvrgh JoamaL 
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Others might be so dispersed among the other bodies in the system 
as to be thrown in yery irregular orbits, apparently wandering lawless 
through the heavens. The larger fragments might receive the least 
impetus from the explosive force, and would therefore circulate in an 
orbit deviating less than any other of the fragments from the original 
path of the larger planet ; while the lesser fragments, being tlirown 
off with the greater velocity, would revolve in other orbits. This 
hypothesis accounts for many of the irregularities by which these 
planets are characterised, and particularly for the fact that the planets 
are not round, as is indicated by the instantaneous diminution of 
tiieir light when they present their angular faces. These explana- 
tions are not, however, regarded by some as at all satisfactory ; and 
Sir J. Herschel says that they ** may serve as a specimen of the 
dreams in which astronomers, like other speculators, occasionally and 
harmlessly indulge." 

On the other hand, again. Dr. Brewster attached great weight to 
these arguments, and after stmmiing up the evidence in their favour, 
says, tmit the singular resemblance in the motions of the greater 
fragments and in those of the lesser fragments, and the striking 
resemblances between theory and observation in the eccentricity 
of their orbits, in their inclination to the ecliptic, and in other 
respects, are phenomena which could not possibly result from 
chance, and which concur to prove, with an evidence amounting 
almost to demonstration, that these four planets have diverged from 
one common node, and have therefore composed a single planet. He 
also supposes that some minute fragments may have been projected 
to such a distance that they have come within the sphere of the 
Earth's attraction, and have thus at length been precipitated ou the 
Earth, forming the meteoric stones which are well known. 

Jupiter is the largest of the planets, its diameter being no Uss than 
87,000 miles, or about eleven times that of the Earth, and conse- 
quently its bulk is about 1,300 times greater. Next to Venus it is 
the most brilliant of the planets, although, owing to its great distance 
from us, and from the Sun, its appearance is not more striking. Were 
it only as far distant as Venus, its apparent diameter would be twelve 
times as great as that it presents ; the light which its disc would 
reflect to us from th^ Sun would be 144 times that which we receive 
from Venus. Theite is a considerable difference between the polar 
and equatorial diameters of Jupiter, the flattening of the poles 
amoimting to one-fifteenth of the whole' diameter, so that its form 
bears considerable resemblance to that of an orange. This fieujt would 
naturally lead to the supposition that the centrifugal force of the 
planet must be greater than with the Earth ; and this is the case, for 
we find that the entire mass rotates upon its axis in less than ten 
hours. Hence a place on the equator of Jupiter must turn tvrenty- 
seven times as fast as on the terrestrial equator. The axis round 
which it turns is nearly perpendicular to the plane of its orbit, and 
consequently the Sim always shines nearly upon its equator ; and 
there can be little variation in the seasons, nor in the length of the 
days and nights, in different parts of its globe, and at different periods 
of its year. Moreover, the proportion of light and heat which it 

s 2 
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reeeiTes from the Sun is only about one twenty-seventh part of that 
which comes to us.* 

When yiewed through a good telescope the planet presents a Tery 
q>lendid uid int^ esting appearance, especially when its moons are 
arranjged two on each side, at nearly equal distances from the planets, 
and £rom each other. Its surface is then plainly seen to be crossed 
by a number of zone or bands, of a darker hue than the rest of its disc, 
and in general running paralld to its equator. They are not uniform in 
their appearance, sometimes being one or two in number, and some- 
times as many as seven or eight ; and they have been seen broken up 
and distributed over the face of the planet, while branches running 
out of them and dark spots are not uncommon. 

Various conjectures have been offered as to the nature of these 
belts, and the causes which operate in the production of the changes 
which are witnessed. It is considered by those best competent to 
judee, that the dark stripes are the real surface of the planet, and that 
the Dright spaces between them are either clouds in the atmosphere, 
or circular zones, liable to variation, which surround the planet. It 
is believed by some that the changes among these belts are owing to 
great physical convulsions occasionally occurring on the surface of the 
planet ; but this opinion cannot be maintained ; while others have 
supposed that the bright streaks are the external surface of masses of 
clouds disposed in rows, produced by winds blowing in a direction 
parallel to the equator of the planet, and analogous to our trade- 
winds. It is considered that the rapid diurnal motion of Jupiter 
causes these winds to have a permanence, force, and range, which 
would produce a distribution and arrangement in the douas floating 
in its atmosphere, such as are observed in the appearance of its belts. 
Although this is the opinion generally received among astronomers, 
yet it does not seem free from various objections, and Dr. Dick thinks 
that it will not fully account for the phenomena of the belts. He 
says that if the trade-winds in Jupiter were increased in velocity and 
force twenty-seven times greater than our trade- winds — which is 
admitted by those who hold this opinion — ^then their violence would 
be such as to drive everything before them along the surface of the 
planet, and living beings coiud not possibly move in opposition to 
such rapid currents. "It is reckoned that in a high gale, the wind 
moves at the rate <^ about thirty-eight miles an hour ; multiplv this 
number by twenty-seven, and the product, 1,026, will give the velocity 
of a gale in Jupiter in the same time. Now it has been found that a 
West India hurricane, blowing at the rate of a hundred miles aii hour, 
ash blown heavy cannon out of a battery, torn up trees by the roots, 
and carried huts, sheds, and human beings to a considerable distance 
through the air. What, then, would be the force of a gale moving at 
the rate of a thousand miles an hour ? and much more — ^What would 
be the force of a hurricane in Jupiter, moving at the rate of two 
thousand seven hundred miles an hour i On such a globe as ours it 
would overturn and demolish, everything upon its surface, so that our 



* Dr. Carpenter's Heohanioal Philosophy. 
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itrongest and most stateljr buildings could not poMibly resist its 
force. Such a state of thmgs is far more consistent with our limited 
and imperfect knowledge Uian with the great analogies of nature ; 
and it is most probable that other discoyeries, which the future may 
reveal, will dedare our ignorance, and open up the true philosophy 
of the perplexing question. 

Jupiter is attended by four moons, or satellites, which reTolTe 
around it in a similar way to that in which our Moon reTolves around 
the Earth. They are sufficiently large and brilliant to be seen with a 
telescope of Tery moderate power ; and, indeed, one or two of them 
have been occasionsdly detected with the naked ere. Their disooyery 
was, in fact, one of the first achievements of the telescope at the 
commencement of the seventeenth century. Galileo had ascertained 
that the placing of a convex and a concave lens in certain positions 
in respect to each other gave an enlarged view of an object seen 
through them ; he conceived the idea of applying such a combination 
to the examination of the orbs of heaven, by which the limited capa- 
cities of the human eye could be augmented. He did so, placed 
two such lenses in an organ-pipe, which served him as a tube, and, 
turning this instrument towards the planet Jupiter, he perceived a 
small star near it, and he afterwards discovered three others all near 
the planet. These little stars were found to revolve round Jupiter, 
for they could be seen to come in front of his illuminated surface, 
travel to one side, pass round behind him, and emerge on the other 
side, just as Venus and Mercury do about the sun. The existence 
of this little system was employed by Galileo as a strong lurgument in 
opposition to the absurd notions then prevalent ; but so bigoted were 
those wiUi whom he had to deal that many refused to look through 
his instruments, i^Blrming that it was all an optical delusion, or an 
invention of the devil ! 

When examined by the aid of the larger telescopes, the view pre- 
sented by Jupiter, with its moons and bdlts, is magnificent. '*Let ui 
conceive, if we are able," says an eloquent writer, <* a globe fourteen 
hundred times the size of our world, with a surface containing a num- 
ber of inhabitants eight thousand times greater than the present popu- 
lation of our globe — ^let us conceive such a globe revolving round its 
axis at the rate of four hundred and sixty miles in a minute, and 
flying through the regions of the heavens at the rate of nearly thirty 
thousand miles every hour, carrying along with it four revolving 
worlds in its swift career, and continuing uiis rapid course, without 
intermission, from one century to another, for thousands of years — 
and we behold a scene calculated to fill every reflecting mind with 
admiration and astonishment. While, contemplating such a scene, 
can we forbear raising our thoughts to that Almighty Being who at 
first formed this mighty globe, and launched it from ms powerful arm, 
and whose incessant energy sustains its swift career from age to age ?" 

It was the observation of these little attendants of Jupiter that first 
invited special attention to the measurement of the progressive mo- 
tion of light. There was something so strange in the circumstance 
that, so far as the evidence of sense is concerned, no time should be 
occupied in its transmission, that many tests were applied h-^ ^Vis3^ 
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tlney hoped to aj^certaln whether any appreciable time could be 
detected. It was not till about the year 1675 that R5mer, an eminent 
Danish philosopher^ directed his attention successfully to the su^ect, 
from observing that a portion of time, though very small* was occu- 
pied in the passage of li^ht from the Bun to the Earth. The circum- 
stance which enabled him to ascertain this important fact was, that 
the eclipses or immersions of the four little moons which revolve roxmd 
the planet Jupiter, did not occur precisely at the periods which 
calculation had assigned for them ; tne variation being greater at one 
period of the year than at another period, six months before or after, 
^rom this circimistance he concluded that when the apparent error 
was greatest, the light traversed a longer path in coming from those 
moons to the Earth ; and that so the last gleam oflight shed previously 
to the moon's disappearance behind the body of a pWet did not re aoh 
the eye imtll some time after the commencement of the immersio n ; 
hence the retardation would of course be increased as the distance of 
Jupiter horn the Earth increased. Reasoning from these da a, 
Bomer came to the conclusion that the transference of light is not 
instantaneous, but that, like every known agent, it occupies a portion 
pf time in traversing space. Knowing the oistances of the principal 
heavenly bodies from each other, and testing those distances by the 
apparent retardation of the eclipses of Jupiter's satellites, Bdmer 
computed that light traversed the interval from one point of the 
BarUi's orbit to the opposite point, in about eleven minutes. Subse- 
quent calculations, however, have proved this to take place in about 
sixteen and a half minutes, so that eight and a quarter minutes is the 
time occupied by a ray of light in travelling from the Sun to the Earth, 
which, being a distance of about 96,000,000 of miles, gives, in round 
numbers, a velocity of 200,000 miles in a second. 

The planet Saturn is situated at nearly double the distance from 
the Sun as Jupiter, there being an interval between these planets of 
410,000,000 of miles. Till within a comparatively recent period it 
was regarded as the most distant of all the planets, and hence the 
poet suys ; — 

** Last, oatmost Saturn walks his frontiers round 
The boundary of worlds, with his pale moons, 
Fast glimm'ring through tlie gloum which night has thrown, 
Deep-dyed and dead, o'er this chill globe forlorn : 
An endless desert, where extreme of cold 
Ktcmal sits, as in his native seat, 
Ik wintry hills of never-tha\^ing ice. 
Such Saturn's earth ; and even here the sight, 
Amid these doleful scenes, new matter linds 
Of wonder and delight : a mighty ring !" 

Its distance from the Sun is estimated at 906,000,000 of miles ; and 
it occupies nearly thirty years in performing its revolution round the 
central orb, though advancing at a speed of twenty- two thousand 
miles an hour. Its period of rotation was ascertained by Sir W. Hers- 
chel, who, observing the motion of some spots on its surface, found 
thatit turned round intenhours, sixteen minutes, and nineteen seconds. 

Saturn presents the appearance of a nebulous star of a dull leaden 
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hue to the naked eye ; but when viewed through a powerful telescope, 
it has a more, magnificent ftapect than any other body connected with 
the solar system. The ancient astrologers, who formed ifo adequate 
idea of the size of this planet, regarded its palo hue as indicative of 
some malign influence which it exercised upon th^ inhabitants of 
Earth. Galileo, who first saw the planet in 1610, hfid an instrument 
which could not reveal to him its true wonders ; and perceiving 
what appeared like two small bodies at title sides of the planet, he 
thought, at first, that it was made up of three stars. It being, at that 
time, the practice of astronomers to give their first intimation of a 
discovery m a Latin verse, the letters of which were transposed^ 
•Galileo announced his, of the singular appearance of Saturn, under 
this disguise, in a line which, when the transposed letters were 
restored to their proper places, signified that he had observed that 
** the most distant planet is triple- formed."* His discovery was 
followed by Huyghens, a Dutch astronomer, and others, who ascer- 
tained that the planet was a mighty orb, encompased by splendid 
rings, and attended by seven bright satellites. f 

Tiie diameter of Batum is nearly ten times that of the Earth, and 
therefore its bulk is nearly a thousand times greater. Its density is, 
however, remarkably low, being a little more than an eighth of that 
cf the Earth, or about the same as that of light wood. Hence its 
constitution must be very different from that of our Earth, for no 
water could exist upon its surface ; since, being heavier than the 
planet itself, every solid would float upon it. But it is probable that 
there is some fluid, since the disc of the planet is crossea by the same 
belts as those which traverse the face of Jupiter ; and if those belts 
are due to the existence of clouds, there must be a liquid, by the 
conversion of which into vapour these clouds are produced.;^ 

The rings of Saturn are flat, broad, and very thm, both lying in the 
same plane, and concentric with each other and with tne planet. 
They are separated from the body of the planet by an interval equal 
to about two-and-a-half ^men the diameter of the Earth, and &om 
each other by a much smaller interval. The followingare the dimen- 
sion? of the planet and its rings as given by Sir J. Herschel,§ from 
the measurement of Professor Struve,|| with the exception of the 
thickness of the rings, which are deduced from his own observa- 
tions : — 

Miles. 

Exterior diameter of exterior ring 176,418 

Interior ditto ditto UM72 



* Altiasimum planetam tergeminnm obseFvavl. Or, as transposed, Smais- 
mrmilme po^a leumi bone nugttaviras. 

t In imitation of Galileo, Huygfaens announced his diecovery thus : a a a a 
asa ocooo d eeeee iiiiiii 1111 mm nnnnnnnnn oooo 
pp q rr s ttttt auuan; whieh he aft«rwanl8 re>eompofiod into this 
sentence : annolo oingitur, tenoi, piano, nnsquam cobs^rente, ad ecliptioam 
ioclinato. 

X T)T. Carpenter. § Ontlines of Astronomy, § 514, tliird editioo. 

llHem. Ast. See. iU. 901. 
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HHes. 

. SzUriordiimMicrof tntflriorring isi,690 

Inttrior ditto ditto ^ 117,839 

Eqiiatorial diameter «ftlif body 79,160 

Ihtenral between tke plaaet aad iateiior ring 19^90 

Xhteryal of the lings ^„ 1,791 

TliScicneBB of the r&i^s not eToeeding ., 2M 

Hie rings of Saturn have been conceiyed by some astronomerB to be 
a T&st assemblase of aatellites, but of this there is no satisfactory e? i- 
dence. It is evident that they are solid from the £EU!t of their throwing 
a well-defined shadow upon the bod^ of the planet on the side nearest 
the Sun, and on the other side receiving the shadow of the pluiet itself. 
But the difficult question suggests itself, how so stupendous an arch, 
if composed of solid and ponderous materials, can be sustained 
without collapsing and falling in upon the planet. The answer is 
found in the nict that tlie centrifujgal force arising from the rotation 
sustains it in its position ; and Sir J. Herschel remarks that tiiough 
no observation nice enough, to exhibit a difference of periods between 
the out'ir and inner rin^s has hitherto been made, it is more than 
probable that such a dmerence does subsist as to place each inde* 
pendentljr of the other in a similar state of equilibrium. 

"The rings of Saturn," says Sir J. Herschel,* " must present a 
ma^;nificent spectacle from those regions of the planet which lie above 
their enlightened sides, as vast arches spanning the sky from horiaon 
to horizon, and holding an almost invariable situation among the 
stars. On the other hand, in the regions beneath the dark side, a solar 
eclipse of fifteen years induration, under their shadow, must afibrd 
(to our ideas) an mhospltable asylum to animated beings, ill com- 
pensated hj the faint light of the satellites. But we shall do wrong 
to judge of the fitness or imfitness of their condition from what we 
see around us, when, perhaps, the very combinations which convey 
to our minds onlv imajg;es of horror, may be in realitjr theatres of the 
most striking and glorious display of beneficent contrivance." 

Saturn is accompanied by eight satellites, or moons, the most 
distant of which is nearly as large as Mars. 

** One Moon on us reflects its cheeiitil light ; 
There eight attendants brighten up the night ; 
Here the Uae finnaaieat bedecked with stars ; 
There overhead a Ineid arch appears.*' 

** The firmament of Saturn will unquestionably present to view a 
more magnificent and diversified scene of celestial phenomena than 
that of any other planet in our system. It is placed nearlv in the 
middle of that space which intervenes between the Sun and the orbit 
of the remotest planet. Including its rings and satellites, it may be 
considered as the largest body or system of bodies within the limits 
of the solar system ; and it excels them all in the sublime and diversi- 
fied apparatus with whith it is accompanied. Li these respects, 
Saturn may justly be considered as the sovereign among the planetary 
hosts. The prominent parts of its celestial scenery may be considerea 

f Outlines of Astronomy, ^ 632. 
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as belonging to Its own system of rings and BatsUHM* and the Tiews 
which wiU occasionally be opened of the firmament of the fixed 
stars; for few of the other planets will make their appearance in its 
sky. JTupiter will appear altnmatelY as a morning &nd an eyeninf star, 
with about the same degree of briUiancy it exhibits to us ; but it will 
seldom be conspicuous, except near the period of its greatest elonga- 
tion ; and it wuL nerer appear to remoye firom the Sun further toan 
thirtY-seren dnprees, and consequently, will not appear so conspicuous^ 
nor Ktr such a kngth of time, as Venus does to us. Uranus is the 
only other planet whicdi will be seen firom Saturn, and it will therv 
be distinctly perceptible, Uke a star of the third magnitude, when near 
the time of ita opposition to the Sun. But near the time of its con- 
junction it will be completely inyisible, being then eighteen hundred 
millions of mUes more distant than at the opposiaon, and eight 
hundred millioos of miles more distant from Saturn than it eyer is 
from die Earth at any period."* 

The grandeur and sublimity of the spectacle presented by this 
planet are scarcely to be described. If we could station ourselyes 
within a few thousand miles of its course, the globe of Saturn, its 
rings, and satellites, would appear to fill the greater portion of the 
yisible heayens. "Let us then conceiye this planet — a thousand 
times larger than the Earth — ^flying before us at a rate of twenty-two 
thousand miles an homr, carrying along with it stupendous rings, 
fiye hundred thousand miles in droumference, and these rings 
reyolying round the planet with a yelocity of nine hundred 
miles eyenr minute, and seyenf other spacious globes, laner 
than our Moon, whediing their rapid courses at different dis- 
tanoes aroimd the pdanet and its rings; let us endeayour to 
stretch our imagpination to the utmoit, to represent such a 
scene as nearly as possible to the reality, and suppose ourselyes as 
spectators, how grtmd and oyerwhelming, and almost terrific, would 
be the amazing sjpectacle ! Amidst the emotions it would excite, we 
could only exdaun, *Oreat and maryellous are thy works. Lord God 
Almighty !' < Thy right hand, O Lord, is become glorious in power !' 
< Who can utter the mighty acts of the Lord V * The Lord God Omni- 
potent rei|;neth !' Xb it possible to separate such scenes and operations 
from the idea of an eternal and almighty Litelligenoe who formed, and 
arranged, and set in motion, sudi stupendous machinery } Could 
chance, or the fortuitous concourse of atoms, haye eyer produced such 
a portion of celestial mechanism, and presenred it unimpaired in all 
its relations and moyements from age to age i Such an idea is fraught 
with the grossest absurdity that eyer entered the human imagination. 
If a diyine Superintendent oyer creation did not exist, the whole 
frame of imiyersal nature would long ere now haye been unhinged, 
and the uniyerse, witii all its splendid orbs and mighty moyements, 
haye been transfonned into a chaos, and • scattered through the 
regions of infinitude. And^ ' since a God there is, that God how 
great !* " 

* Dick'i Celestial Scenery, 
t M. Laiiell has recently disoorered an eicbth. 
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THE PLANETARY SYSTEM, CONTINUED 

Sir William Henchel — Caroline Herschel — ^Unmos — Inlubitaiits of otber 
Planets — Diflooverj of Neptune— Mr. Adams, and M. Ta Terrier — Jm 
(PjesprU — ^Relative Distanees of tbe Planets — Influenoe of Ghmvitatioii on 
the Planets — Stability of the Phmetaxy System — Hannoxiy and Beauty of 
Creation. 

The ** biography of science*' is one of the most interesting and 
instructiye departments of historical inTeetigation to which the 
attention can be directed ; and it may be well here to leaye the 
beaten road of scientific research, and to wander in the pleasant 
bye-paths which are thus opened to onr view. 

William Herschel— the disooyexer of the planet Uranus — was com- 
pelled, in consequence of the circumscribed means of his parents, 
to enter a regimental band, and he subsequently came to Great 
Britain to try his fortune— the adopted home of many an inge- 
nious foreigner. After struggling with innumerable difficulties, 
he obtained sufficient emfdoyment as a musicifui, and he sedulously 
devoted his leisure hours to the study of mod^n and classic lan- 
guages, and of the pure and mixed mathematicB. Astronomj and 
optics now awakened his curiosity, and being odzIous to obtain per- 
sonal observation of some of those wonders in the planetary system 
of which he had heard, he first borrowed a two-feet (Gregorian 
telescope, and ultimately succeeded in making one of larger dimen- 
sions. Entering with increased interest on the subject to which he 
had thus been inyited to turn his attention and al>mties, he had the 
inexpressible pleasure, in the year 1774, of bidding the planet 
Saturn through a five-feet Newtonian reflector of his own construc- 
tion. Encouraged to press forward in the same walk of art, as well 
as in the work of astronomical discovery, in no long time he produced 
telescopes of seven, ten, and even twenty-feet focal distance. In 
fashioning the mirrors for these instruments, his perseverance was 
indefatigable. For his seyen-feet reflector, it is a98erted that he 
actually finished and made trial of no fewer than two hundred 
mirrors before he obtained one that satisfied him. His practice was, 
when he sat down to prepare a mirror,^ to work at it for twelye or 
fourteen hours, without a moment's relaxation, being afraid that the 
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perfection of the finisli might be impaixed by the least Intcrmiftsion of 
his labours. The little food that he eat on these occasions was put 
into his mouth by his sister. 

It was in the year 17S1 tliat Herschel made his great discovery. 
He had been engaged for nearly a year and a half in prosecuting a 
regular survey of the heavens, and he then detected, in a particular 
pirr. of the sky, a star which seemed to shine with an unusually 
steady radiance, and he was induced to obs^ve it with special atten- 
tion. Further obsezvation showed that it had perceptibly changed 
its position ; and he communicated to Dr. Maskelyne, tfaue iLstronomer 
Koyal, his discovery of what was at first supposed to be a new comet. 
It was soon afterwards ascertained to be a hitherto unknown planet, 
and it received from its discoverer the name of Georgium Sidus, in 
honour of the King of England ; but by Continental astronomers it 
has been usually called either Herschel or Uranus. Thus have we 
another illustration added to the long list of the great principle that 
the aristocracy of intellect is not hereditary, but th« free gift of 
Heaven, and the reward of energy and perseverance, and within 
the reach of the peasant as well as of the peer. 

And here we cannot forbear to make alliision to one whosve name 
must be ever associated with the progress of astronooxical science ; 
we refer to Caroline Herschel, the devoted maiden sister of Sir 
William. While he was engaged in sweeping the heavens with his 
twenty -feet, or other telescopes, she took down notes of aU his obser- 
vations as he dictated them from the stage ; she attended him in all 
his night-watches, which were generally coELtinued till near the 
approach of daylight ; and she executed the whole of the laborious 
calculations which were required for the reduction of his observations. 
When occasionally relieved from these duties by tiie interruption of 
the observations, she gathered spoils peculiarly her own, by sweeping 
the heavens with a five-feet reflector, which her brother had con- 
structed for her special use ; and her labours were rewarded by the 
discovery of eight comets, besides several remarkable nebulse and 
clusters of stars. The years of this venerable lady were lengthened 
until she saw the culmination of her brother's glory ; «nd when, 
aftrr his death in 1822, ahe retired to her native city, she continued 
to enjoy, in a green old age, the regard of her friends and relatives ; 
Mhile men of science and astronomers visited her in her retirement, 
ond assemblies of the learned, through means of just, though 
unusual tributes, to herself, recognised the immort^Uty of the name 
she bore. 

Uranus is too smaH to be visible to the naked eye. Its distance 
from the Sun is about 1,840 millions of miles, or more thai^ twice 
that of Saturn. Its appearance is that of a small round disc, uniformly 
but faintly illuminated, of a bluish white tint, and presents neither 
lings, belts, nor die«cmible spots. Hence its rotation on an axis 
cannot be determined ; but there is little doubt, from the analogy of 
all the other planets, that it does so revolve. Its diameter is four or five 
times as great as that of tibie Earth, being about 35,000 miles. 

The discoverer of the planet ascertained also the existence of six 
satellites by which it was attended i but of these only two have been 
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since detected. These two, howeTer, present remarkable and unex- 
ampled pectiliarities. Contrary to tne unbroken analogy of the 
whole planetary system, the planets of their orbits are nearly perpen- 
dicular to the ecliptic, and in their orbits their motions are retrograde ; 
that is, instead of advancing from west to east around their pnmarr, 
as is the case with all the ouier planets and satellites, they moye m 
the opposite direction. " As at the poles of our Earth, the days and 
nights last half a Tear, in consequence of the moderate inclination of 
its axis to the ecliptic, so, in Uranns, not only the poles, but a Tery 
large proportion of nis globe, will be alternately exposed to tlie Sun 
and remored from it, during the half of Mt year of 30,687 days. 

** How different must be the constitution of any liying bemgs that 
are adapted for such a residence, from that of which we can form 
any idea ! and yet how limited would be our conception of the Crea- 
tor s power, if we were to imagine, even for a moment, that Uiere is 
anj impossibility, or even an improbability, in the existence of such 
bemgs ! It may be that they are destined to a life so lone, that the 
days and nights of forty-two years' length are to them but as the 
twenty-four hours' change between rest and activity to the human 
race. The nations that inhabit our torrid zone can scarcely conceive 
of the nature of cold ; nor could they suppose that either man, beast, 
or plant, could exist in situations where the genial rays of the Sun are 
received but for a few weeks in every year. And yet experience 
proves their error; for, even where the Sun is completely hid during 
four months out of the twelve, man can enjoy life, and wonder that any 
should desire a different climate. In like manner, the inhabitant of 
the frigid zone does not readily give credit to the accounts he hears 
of the perpetual sunmier that reigns within the tropics ; and wonders 
how any numan being can live where there is no blubber or aeida' 
flesh ! ^Narrow and restricted as such notions appear to us, they are 
not less the result of experience, than those which we form respecting 
the conditions of other worlds ; and whibt we laugh at the ignorance 
of the Hindoo or Esquimaux, we should be careful lest we fall into 
the same error. Of course we have no means of even guessing the 
conformation of living beings that are to inhabit what would be to us 
the intolerable and destructive heat of MercmT*, or the dreary cold and 
darkness of Uranus ; and it would be useless, therefore, to speculate 
on the subject,*'* 

Besides the gravitation of planets towards the Sun, the attraction 
which each exercises on each is of a highly important nature ; these 
antap;onistic forces producing differences of motion, and thus inequali- 
ties m the motion of the Earth are occasioned by the disturbing forces 
of the Sun and Moon. The simplest case of these deviations from 
regular movements would be displayed by the existence of three 
bodies — a central and two revolving ones. If one of the latter were 
to be so situated in respect to the other as to disturb its regular 
movements in reference to die central one, it would be an interesting 
subject of astronomical investigation to ascertain the cause and extent 
of such perturbations, as they are technically denominated. Though 

* Dr. Csrpenter. 
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not free from difficulty ia the simplest form, it may be eaaily coa- 
ceived that the complication is greatly augmented when the combined 
influences of the various members in the solar system are taken into 
consideration, in the discovery of the cause of peculiar movements in 
any individual body. 

Astronomers have been long familiar with the fact, that in the 
oomparisons of the calculated and observed portions of Uranus dis- 
crepancies have appeared, the result of the influences of some unknown 
body. This circumstance was especially remarked by M. Le Yerrier, 
who determined dosdly to examine the movements of this planet. 
The tables which had been constructed of its orbit displayed great 
irregularities, and only a small amoimt of these could be accounted for 
by ttie attraction of known forces, and it was also noticed that the 
tables did not agree with the latest observations. He then resolved 
to discover, if jpossible, the cause of these perturbations, and com- 
menced a rigid mvestigation of the data and calculations which had 
previously been considered as established, and after much perseverance 
he ascertained with great precision the amoimt of irregidarity in Uie 
orbit of tJranus due to the attraction of Jupiter and Saturn. With 
these corrected data before him, he proceeded to compare the calcu- 
lated path with its actually observed position, and ultmiately arrived 
at the conclusion that the discrepancies were due to some imknown 
cause. He next attempted to discover the nature of this influence, 
and the resistance of the ether ; he examined the grounds for attri- 
buting it to the existence of some vast satellite of Uranus — some 
variation in the law of gravitation at that unmense distance from the 
Sun — and lastly, an umuiown planet ; and having satisfied himself 
1h.at each of the former were madmissible, he determined fully to 
consider if the influence in operation could be traced to the presence 
of another orb. 

The late M. Cacciatore, the successor of Piazsa, had previously 
declared that he had followed for three days a moving star, which, 
from the slpwness of its motion, he expected was beyond Uranus ; 
but this was all that he had done. M. Le Yerrier having first satis- 
fled himself that the stranger was not within the orbit of Uranus, 
because, if a larger body, it would then influence Saturn ; under- 
took the problem of computing the probable distance of the supposed 
problem. The task was successmlly completed on the 23rd of 
September, 1846. M. Galle, who had been requested to watch, dis- 
covered the stranger from the Royal Observatory, at Berlin, and it was 
within a desree from the precise place which Le Yerrier had indicated. 
Such a precUction stood imrivalled in the history of science ; yet in 
all the stupendous labours through which this distinguished astro- 
nomer had to proceed to attain the desired computations, we are 
assured that he was animated by as perfect a faitn in the existence 
of the planet as was Columbus in that of the New Wor^d, which he 
too sought and found. He heard from Berlin of the discovery of the 
new planet just as he was concluding in the Academy of Sciences of 
France^ and his first thought was that this discovery might in its turn 
be made the means of attamixie further knowledge in reference to other 
orbs of our solar system. <* Standing," says a writer whose name we 
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know not, <*on the summit of the pinnacle his x>roud labours hid 
achibTed, his first glance was further onvrard, and his earlifiBt 
thoughts that some further summits invisible should yet be scaled, 
and the perspective beneath them brought under the eye of his 
inquiring mind." 

But another mind had also been at ^work. Mr. Adams, a youHg 
Cambridge mathematician, had undertaken the same investigation, 
and brought it to a successful termination at least ten months before 
Le Yerrier ; but his calculations were not taken advantage of to lead 
to the actual discovery of the planet. His computations were com- 
pleted in 1845 ; and in September and October of that year he stated 
to Professors Challis and Airey what must be the position of the 
planet, while the French astronomer had not concluded his calcula- 
tion till August, 1846. The professors did not act on the siiTggestions 
of Mr. Adams fbr actual search to be made for the planeC till a rumour 
readied this country that one of their Gallic neighbours had come to 
a similar conclusion ; preparations were then made for an eztensiye 
survey. A space of thirty degrees was marked out fctt examination, 
all the stars therein being marked down ; and this immense woift 
was undertaken by Mr. Challis, and " he had literally discovered the 
planet five or six days before it was discovered at Berlin, but he did 
not know it. The planet could only be detected by compaaing the 
observations of one dav with those of the preceding, in ordet to 
detect its motion ; and Mr. Challis, conceiving that the motion of the 
planet would be so slow that it would require weeks or mondis to 
ascertain it, did not compare his observations. If he had done so, it 
would have been a British discovery." Thus does it appear that Mr. 
Adams was in possession of the elements in reference to tiie new 
planet three-quarters of a year before M. Le Verrier announced them, 
and that he communicated his information to the director? of the 
largest observatories in England. Nothing can destroy or rebut tlie 
evidence of these facts, or place his name much below the position of 
the first discoverer. He has made himself a reputation ; and if it be 
true, as it is affirmed, that he formed his plan and commenced his 
researches when yet an under-graduate, we have furnished an extra- 
ordinary instance of early sagacity and perseverance ; and we most 
regard the declaration of M. Arago alike precipitate and unj ost, " tbat 
Mr. Adams is not entitled to the slightest allusion in the history of 
the discovery.* 

The claims of Mr. Adams in no wise detract from the merits of H. 
Le Yerrier. His calculations led to their discovery. He staked his 
reputation on their accuracy, and boldly proclaimed to observing 
astronomers — •* Look in the place which I have indicated, and you 
will see the planet." Nor does Mr. Adams fail to give all due honour 
to his rival. In a communication to the Astronomical Society, after 
adverting to the order in time of his own researches and those of M. 
Le Verrier, he says, " I mention these dates merely to show that my 
results were arrived at independently and previously to the publica- 
tion of M. Le Verrier, and not with the intention ot interfering witii 

* Comptes Kendus, 19th Oct., 184C. 
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his just claims to the honoan of the diacofwy, lor tiierv it no doobt 
that his researches were first published to the world, and led tu the 
actual discovery of the planet by Dr. QaUe, so that the faets abote 
cannot detract in the sl^htett degree from the merit duo to M. Le 
Yerrier/' We have b^n induced to lay some strese on this part of 
the subject in consequence of the virulent attacks which have been 
made by some French journalists on certain English gentlemen, who, 
they affirm, have attempted to deprive the GaUic astronomer of due 
honour. MM. Arago and Le Yerrier have, however, expressed their 
indignation at this course of procedure, and disnlahn all participation 
in such discreditable assaults. 

Since the discovery of the planet it has been repeatedly observed 
by astronomers. Its distance from the Earth has been estimated at 
about 3,200 millions of miles, and 140 millions from Uranus. With 
the exceptions of Jupiter and Saturn, it is the largest of the planetary 
system, being 50,000 miles in diameter, and 250 times larger than the 
Earth in cubic bulk. Mr. Lassells, too, early announced his belief 
that the new planet had a ring like Satom and a satellite. ** With 
regard,*' he says, ** to the existence of the ring, I am not able absolutely 
to declare it, but I received so many impressions of it, always in the 
same form and direction, and with all the different magnifying powers, 
that I feel a very strong persuasion that nothing but a pwrer state of . 
atmosphere is necessary to enable me to verify the discovery. Of 
the existence of a star harving every aspect of a satellite there is not 
the shadow of a doubt." 

The discovery of this planet eUcited ajeu d'etprU firom the Atkenrntm^ 
under the title of <* Astronomical Police Report." "An ill-looking 
kind of body," said this statement, ** who declined to give any name, 
was brought before the Acadamy of Sciences charged with having 
assaulted a gentleman of the name of Uranus in the pufoUo highway. 
The prosecutor viras a yonngislwlookin^ person, wra|>ped^ up in two 
or three great-coats, and lM>king chilher than anything imaginable, 
except the prisoner, whose teeth absolutely shook all the time. 

'* Policeman Le Yerrier stated that he saw the prosecutor walkiAg 
along the pavement, and sometimes turning sideways, and sometimes 
running up to the nulings and jerking about in a strange way. Calcu- 
lated that somebody must be palling his coat, or otherwise assaulting 
him. It was so dark that he could not see ; but thought if he watched 
the direction in which the next odd move was made, he might find out 
something. When the time came, he set Bninnow, a oooetable in 
another division of the same force, to watch where he told him ; and 
Briinnow caught the prisoner lurking about in the very same spot, 
trying to look as if he were minding his own business. Had sus- 
pected for a long time that somebody was lurking about in the neigh- 
bourhood. 

** Briinnow was then called, and deposed to his catching the pri- 
soner as described. 

** M. Arago : Was the prisoner sober } 

** Le Yerrier : Lor, yes, your worriixp ! no man who had a drop in 
him ever looks so cold as he does. 

** M. Arago : Did you see the assacult ^ 
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« Le Verrier : I can't say I did; but I told Briinnow exactly how 
he'd be crouched down— just as he was. 

** M. Arago (to firunnow) : Did you see the assault ? 

** Briinnow : No, your worship, but I caught the prisoner. 

** M. Arago : How do you know that there was any assault at«U? 

** Le Terrier : I reckoned it couldn't be otherwise when I saw the 
prosecutor making those odd turns on the pavement. 

**M. Arago: You reckon and ;|rou calculate! Why, you'U tell me 
next that you policemen may ait at home and find out .all that's 
going on in the streets by arithmetic. Did you ever bring « ease 
of this kind before me till now ? 

" Le Verrier : Why, you see, your worship, the police are growing 
bleverer and cleverer every day. We can't help it — ^it grows upon us. 

*<M. Arago : You're getting too clever for me. What does the 
prosecutor know about the matter }*' 

The prosecutor then makes a statement of a kind similar to that 
already given by the police. 

^* The prisoner being called on for his defence, said that it was a 
quarrel. He had pushed the prosecutor, and the prosecutor had 
pushed him. They had known each other for a long time, and wem 
always (marrelling — ^he did not know why. It was their nature, he 
supposed. He further said that the prosecutor had given a wrong 
account of himself— that he went about imder different names. Some- 
times he was called Uranus, sometimes Herschel, and sometimes 
Georgium Sidus, and he had no chpacter for regularitv in the neigh- 
bourhood. Indeed, he was sometimes not to be seen for a long time 
at once. 

"The magistrate having warned both prosecutor and prisoner that if 
they could not settle their differences without quarrelling in the 
streets, he shotdd commit them the next time to prison, and having 
called upon them to enter into their own recognizances, he dismissed 
the case. The police have been directed to have an eye upon 
them." 

In order to convey a clearer idea of the relative distances of the 
members of the planetary system, it may be mentioned, that if the 
metropolis be taken to represent the site of the Sun, and one tolle a 
million, the orbit of Mercury will be a circle passing within the neigh- 
bourhood of Rochester and Bedford, while that of Uranus will pass 
beyond the most northerly bounds of Europe, cut the Black Sea, the 
south coast of Asia Minor, and the great desert of Africa. Or again, 
if we suppose London to represent tne Sun, and Mercury to be placed 
at Watford, then Yenus woi^d be at Windsor, the Earth at Colchester, 
Mars at Northampton (omitting the asteroids), Jupiter at Manchester, 
Saturn at Edinburgh, Uranus at Lerwick, and Neptune at St. PeHen- 
burgh. Or to those acquainted with the metropolis and its enYirdns, 
the relative positions of these planets may be thus stated. Suppose - a 
small point m the dome of St. Paul's to represent the Sun, Mereary 
would be at St. Augustine's Church, Old Change ; Yenus, at St. 
Martin's Church, Ludffate-hill ; the Earth, at Bow Churoh, CheM»- 
side ; Mars, at St. Bride's Church, Fleet-street ; Jupiter, ^at m. 
Martin's Church, Trafalgar-square; Saturn, at St. Mary's Chureh, 
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Rotherhithe ; Uranus, at St. John's Church, Suatford; and tho planet 
Neptune, at the Observatory, at Greenwich. 

There are xemarkable diflfereaces as to the material of the.^olar and 
planetary orbs which are worthy of observation ; their weigh^ com* 
pared with that of ihe Earth, taken as I, is 

Sun SSft'OOO 



Merenry 8-LOtlis. 

Teinis 9-10U18. 

Kars ith. 



Jupiter. •.*•• 888 

Saturn .. i ......... i . 85 

Uranus «.••• 17 



Our planet, weighed in the balance against an equal Tolume of 
water, is four times heavier ; but the water of Mercury is four times 
heavier still, while Uiat of Saturn has only half the density of the 
fluid. If, therefore, these were cast upon an ocean sui&ciently large 
to receive them, Mercury would sink like lead, while Saturn would be 
as buoyant as cork. Hence, though the solar substance is so much less 
dense than that of the Earth, yet, owing to its vast bulk, a man 
weighing 140 pounds at the terrestrial equator would weigh more than 
3,500 at the surface of the Sun. Jupiter is still less dense, but, ou 
account of its superior magnitude, the force of gravity at its surface is 
eight times as great as at the Earth's, so that a terrestrial inhabitant 
transported thither would be burdened with eight times his present 
weight, would move with eight times the difficulty, and would fall 
with eight times the force. On the other hand, the mhabitants of the 
diminutive telescopic planets, owing to their feeble gravity, might 
play such high fantastic tridu as would terrify our sober-minded 
race. 

In observing the condition and the evolutions of the planetary 
bodies, various considerations of interest are suggested in reference 
to the permanent continuance or possible results of these movements ; 
in other words, what arrangement must obtain to secure the stability 
of the system with which our world and our race are so intimately 
aasociated. 

If each planet were to revolve round the Sun without being 
affected by the other planets, perfect uniformity in the processes 
wad in their results would exist. But such is not the case. The 
nniTersality of the law of gravitation precludes any such isolation 
and independence of motion. The Eurth is constantl^r drawn by 
Venus, Mars, Jupiter, and bodies of various magnitudes, and 
is, in return, perpetually drawing these bodies. Now while, 
from the smallness of the planets compared with the Sun, the 
derangement which they pcoduce in the motion of one another is veiry 
small, yet what security is there that, from the continuance of t^e 
iafloeace, and the lapse of ages, the alterations of the motions of the 
planets may not greatly increase, the orbits vary their form, and 
their mutual distances be materially changed ? 

Suppose, for instance, that these influences should considerably 
inerease the eeoentricity of Uie Earth's orbit, so as to make it. a 
longer and longer oval—or that the Moon should be made to approach 
perpetually nearer to the Earth, it is easy to see that in the one case 
our year would change its character, or in the other that our aoJtAlU!^ 
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might finally come into fearful collision with the Earth. If much 
change were to take place in the positions of the planetary orbits, we 
might haTe *' years of unequal length, and seasons of capricious tem- 
perature, planets and moons of portentous size and aspect, glaring 
and disappearing at certain intervals," tides, like deluges, sweeping 
over vast continents, and even more dreadful catastrophes than 
these.* 

On turning to the heayens, we find that erer since the first observa- 
tions were made great changes have been taking place. The eccen- 
tricity of the Earth's orbit has been diminishing ; the Moon has been 
moving more quickly, and is now in advance by about four times her 
own breadth of what her place would have been, if it had not thus 
been accelerated. To what, it may well be inquired, will all this 
lead? 

The difficulties in the solution of this problem were great and 
numerous. Newton did not attempt it ; for its decision required a 
great number of preparatory steps and simplifications, and ** such 
progress in the invention and improvement of mathematical methods, 
as occupied the best mathematicians of Europe the greater part of 
the last century. But towards the end of that time, it was shown by 
Lagrange and Laplace that the arrangements of the solar system are 
stable ; that in the long run, the orbits and motions remain unchanged; 
and that the changes in the orbits, which take place in shorter periods, 
never transgress certain very moderate limits. Each orbit imdergoes 
deviations on this side, and on that of its average state ; but these 
deviations are never very great, and it finally recovers from them, so 
that the average is preserved. The planets produce perpetual per- 
turbations in each other's motions, but these perturbations are 
not indefinitely progressive, they are periodical; they reach a 
maximum value, and then diminish. The periods which this 
restoration requires are, for the most part, enormous ; not less than 
thousands, and, in some instances, millions of years ; and hence it is 
that some of these apparent derangements have been going on in the 
same direction since the beginning of the history of ^e world. But 
the restoration is in the sequel as complete as the derangement ; and 
in the meantime the disturbance never attains a sufficient amount 
seriously to alter the adaptations of the Bystem."t 

Laplace assures us that he has succeeded in demonstrating that 
whatever may be the masses of the planets, in consequence of the 
fact that they all move in the same direction, in orbits of -small eccen- 
tricity, and slightly inclined to each other — their secular inequalities 
are periodical, and included within narrow limits ; so that the 
planetary system will only oscillate about a mean state, and will 
never deviate from it except in a very small degree. The ellipsis of 
the planets has been, and always will be, nearly circular. j: We 
may here mention that the measurement of tne eccentricity of 

- ■ — ■ ■ - ■ ■ — 

• AMtNttomy and General Phjtics. by Ber. Dr. WhewalL 
f WlieweU'B A«tr9B0iB]r, ftc Lapiaoe, Expos, da SysL du Monde. 
'I Laplaee, Expos, da Syst. du Monde, 
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a planet's orbit is obtained by taking the proportion of the diffierenee 
01 the greatest and least distanoes from the Sun, to the sum of 
the same distances. Mercury's greatest and least distances are as two 
and three ; its eccentricity is therefore one-fifth. 

We have thus attempted to expatiate oyer the great planetanr 
system of which our Earth is a part, and in doing so, how muon 
(tt light is thrown upon the mightiest problems to which mind can 
address itself ! Man, in the contemplation of the beauties and wonders 
of his own physical -and mental constitution, may be filled with an 
undue estimate of his own importance in the scale of creation ; but 
how do such studies as these tend to restore him to a true and 
humble position ! Man may range over the world, and, delighted 
with its mountains and its yalleys, its islands and its continents, its 
rivers and its CTerlasting oceans, may think that all things are sub- 
ordinate to Eurth, and Earth to him ; but how do such considerations 
as those which are revealed to us in astronomical science, open up to 
him a true insight into his relation tc the great universe of existence ! 
And when confronted, as he is, at every step, with the realities of 
infinitude, with the evidences of an all- pervading power, with the 
proofs of a wisdom surpassing wonder, and as beneficent as it is 
universal, it is not surprising that investigation on these departments 
of science should merge into deep meditation and profound adoration. 
Nor should we expect that any feeling, but that of reverence and 
love, could arise from an acquaintance with the vastness and glory 
of but a portion of those ** many mansions/' in which it is probable 
that purer intelligencies, perhaps numbering among them multitudes 
who have once struggled against the sorrows and temptations of 
himian life, are elevated to the contemplation of profounder depths 
of contrivance, and more intricate combinations of benevolent lore- 
sight, than could either be comprehended by earthly faculties, or 
rendered obvious to mortal sense. And ** if, indeed, there are 
instances known of individual minds, which have failed to recognise 
the mighty presence of Deity in the faultless mechanism of the 
heavens, or to acknowledge the finger of God in the tracing of those 
laws of exact proportion and reaJy comprehension, the characters of 
which are luminous worlds, it is because, among the many varieties 
into which the human race may, as thinking beings, be divided, 
there exists an order of intellect, sufficiently powerful in other re- 
spects, but wholly incapable of reasoning from efiect to cause; or 
because, among other physical anomalies, we occasionally meet with 
men, with whom any excess of evidence is accompanied by a pro- 
portionate insensibility to the inferences it necessarily suggests ; just 
as, in certain material organisations, that very brightness of day, 
which to others is essential for the purpose of perfect vision, produces 
only indistinctness and obscurity of sight."* 

And if, when endeavouring to trace the agency of the vast labyrinth 
of laws by which the universe is governed, we are sometimes lost and 
bewildered, and are unable to discern the line by which pain, sorrow, 

« Edeetie Rtfvlew. 
V 2 
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and sin fall in with a scheme directed to the strictest ri|;ht and 

Seatest good, we yet find no room, to faint or faulter, knowing that 
ese are the darkest and most tangled recesses of our knowledge, in 
reference to which the efforts of reason have been unsuccessful, and 
on which science has as yet cast no ray of light ; while in those 
regions where we can see clearly, and where the great general prin- 
ciples of God's administration have been revealed, we find every- 
wnere the best selection of means, the most harmonious combination 
of laws and symmetry of relationg, which can be conceived : here have 
we the living embodiment and expression of the harmonious, the 
wise, and the beautiful. In our observations of the glories of the 
heavens we may say, with an eloquent writer, ** Music is here ; but 
it is the deep and solemn harmony of the spheres. Poetry is here ; 
but it must be read in the characters of light, written on the sable 
garments of night. Architecture is here ; but it is the colossal 
structure of stui and system, of cluster and universe. Eloquence is 
here ; but ' there is neither speech nor language ; its voice is not 
Jieard.' " 
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THE COHETABT WOBLD. 

Comets — Theories in BefeMnoe to the Consiitutton and fhe Jnfluenee ef 
Comet«-~^Appearanoe of Tarious Comets — Halley'g ObflSrratkMis ind ttailr 
Besnlts— Periodic Comets — The Comet of 1682— ]CBclBa*s and • SMlaU 
Comets — Comet of ISiS—Misoellaneoas Comets — Number of Comets-^. 
Structure of Comets. 

Comets have ever been regarded with astonishment and apprehension. 
The wondrous peculiarities by which they are characterised — the 
unexpected manner in which they often burst upon us — their amazing 
velocity, terrific appearance, and seemingly eccentric motions — have 
naturally filled the intelligent with astonishment, and the ignorant 
with superstition and terror. And even now, when their move- 
ments cannot be regarded as irregular, or as governed by other laws 
than those which retain the planets in their orbits, their intimate 
nature, and the offices they perform in the economy of our system, 
are altogether unknown. 

The various theories which were entertained by the ancients 
regarding the constitution of comets, deserve only a passing remarlc ; 
-while the apprehension of moderns concerning the effects which they 
were supposed to produce for good or evil are now only matters of 
amusement. 

Aristotle and his contemporaries supposed comets to be igneous 
vapours formed in the atmosphere, and he mentions various hypo- 
theses about them, and alludes to several remarkable phenomena of 
the kind.* Ptolemy supposed them to be formed by the motion of 
the planets.f Seneca, however, made a bold advance on his age, in 
declaring that comets were a species of planet. 

We shall not stay to inquire into the various surmises indulged in 
very recently, as to the effects of comets. We shaU not ask whether 
they were correctly delineated, as — 

" Tlireat'ning the world with famine, plague, and war : 
To princes, death; to kingdoms, many crosses; 
To all estates, inevitable losses ; 
To herdsmen, rot ; to ploughmen, hapless seasons ; 
To sailors, storms ; to cities, civil treasons.'* 

* See his Heteorologica. 
f He does not speak of them in his S^^tM^. 
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Nor do we think it important that we should linger on the questione 
— ^whether we may consider them the vehicles in which departed 
spirits, released from the functions of guardian angels, are transported 
to heaven ; whether, on the one hand, a comet is a moral agent of 
evil which should be excommunicated by the Church ; whether it 
was ever the cause of a deluge ; whether it is an agent for re- enforcing 
the light and heat of the Sun, or of creating satellites, or breaking up 
large planets into smaller ones, or changing the climates of countries, 
or mtroducing epidemic disorders. We will leave it to the poets of 
other days to sing of — 

'* A itathless oomet, asd a eBrse, 
The menace of the univerge ; 
Still rolling on with innate fbroe* 
Without a sphere, without a coursa." 

The apprehensions which have been entertained by common people 
need not be wondered at, when we find that some astronomers, high 
in repute, have given vivid pictures of the fearful results which they 
believed would follow from the collision of a comet wiih the Earth. 
Laplace says : ** It is easy to represent the effect of such a shock upon 
the Earth ; the axis and motion of rotation changed ; the waters 
abandoning their ancient position to precipitate themselves towards 
the new equator ; the greater part of men and animals drowned 
in a universal deluge, or destroyed by the violence of the shock given 
to the terrestrial globe ; whole species annihilated ; all the monu- 
ments of human industry reversed ; such are the disasters which the 
shock of a comet would produce." To such an event as this» Laplace 
refers some remarkable geological changes which have taken ^ace. 
He considers that it explains why the ocean has abandoned the 
highest mountains ; and why the animals and plants of the south may 
have existed in the climates of the north, where their relics ana 
impressions are still to be found. 

The ancients gave the name of comet to every nebulous star or 
meteor which was observed to pass successively through different 
constellations ; but modern astronomers apply the word to stars 
which have neither nebulosity nor tail. The characteristics by which 
they are now distinguished are, that they possess a proper motion^ 
ana that they traverse space in a curve so elongated that in the 
distant parts of its orbit it ceases to be visible. The " proper motion" 
points out the difference of comets from those new stars which 
occasionally appear, and become extinguished without changing 
their place in the sky. The elongated form of the orbit establiahee 
a distinction equally marked between the comets and the planets. 

Comets usually present appearances analogous ta the following : — 
A faint luminous circle is presented ; the appearance increases 
gradually, and at length a nucleus is seen, that is, a part in the 
middle which is more condensed in its light than the rest, 
sometimes circular, sometimes oval, sometimes even radiated. 
The nebula round the nucleus becomes less regular, and a tail 
begins to form, which looks as if one side of the nucleus were pro- 
jected in a stream of light away from the body of the comet, which 
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stream grows fainter as it recedes, and finally ceases without any 
definite boundary. This tail increases in length, so as some- 
times to spread across the whole risible heaven ; sometimes there 
are more tails than one, and sometimes the tail seems broken off in 
parts. It is generally turned directly away from the Sun, but this 
rule is by no means universal. 

The comets are not more diverse from the planets in their physical 
appearances than in the directions of the paths which they follow 
in space. While the orbits of all the planets are confined within a 
narrow zone, or to planes not greatly inclined to the ecliptic, those of 
the comets are inclmed in all possible aogleS) and some of them are 
even observed to be perpendicular to the ecliptic. 

Sometimes a comet approaches the Sun in an undulating and irre- 
gular curve, sometimes nearly in a straij^ht line. It gener^ly crosses 
tile part of the heavens in which the Sun is found so near to the 
latter as to be lost in his rays, but emerges again on the other side 
tisually with increased brilliancy and length of tail. The phenomena 
of disappearance are then in the inverse order, the same as those of 
its appearance. It is observed, too, that frequently the dimensions of 
the comet contract a little as it approaches the Sun and dilate as it 
recedes. 

Before the law of tmiversal gravitation was discovered, it was 
impossible to account for the movements of these bodies. Some 
regarded them as meteors kindled into flame in the Earth's atmo- 
sphere. Others considered them to he permanent; and when, at 
length, the great fact of gravitation was understood, it was seen 
that the eccentric movements of the comets might be perfectly 
accounted for if they had parabolic or hyperbolic orbits around the 
Sun. Hence, when they approached nearest to the great central orb 
of day, they would be visible, while in the remoter parts of its orbit 
they would, for awhile fade from sight. 

Persuaded that such was the true economy of these orbs, Newton 
sought confirmation for his theory in practical observation, and he 
had not long to wait. In 1680 there appeared a comet of singular 
splendour and swiftness, which seemed hastening with inconceivable 
velocity into collision with the Sun. But this expectation was not 
realised. Increasing in speed it swept roimd the Sun at the rate of a 
million miles an hour, approaching to within a distance of a sixth 
part of the Sun's radius, and then passing away, throwing off from its 
body in two days a train of light which extended over not less than a 
himdred million of miles. If its enormous centrifugal force had ceased 
when it passed the perihelion, it would have ffdlen into the Sun 
in about three minutes. When nearest to that orb it must have 
received from him a heat 27,500 times greater than that which comes 
to ns, which would probably be sufficiently intense to convert into 
vapour every terrestrial substance with which we are acquainted. 
The apparent diameter of the Sun at that distafice would be seventy 
degrees ; and therefore to an observer situated in the comet it would 
extend nuarly from the zenith to the horizon. The calculations which 
were made in reference to the orbit of this comet required a period of 
about six hundred years before its recurrence could be expected ; but 
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the data vrhicli were gained from theae obeerrationB were not ibr- 
gotteu. . 

Tweuty years after Newton had applied hia method to the great 
comet of 1680, and determined the circumstances of its motion xoond 
the Sim, HaUcy collected all the observations of oomets he could 
procure, and with immense labour ascertained the forms and positions 
of the orbits of twenty-four, which, oat of 415 mentioned by ancient 
authors, were all that had been noticed with sufficient aeciiraejf to 
admit of computation ; indeed, of the greater nnmber no observatums 
whatever had been made. These he arranged in a table to which 
additions have constantiy been made, and tMs Aimished him with the 
means of ascertaining the motions and orbit of the comet which bears 
his name. 

Th« first oomet whose return was predicted and determined q^ 
peared in 1682. It presented a tail extending through thirty degrees 
of the hemisphere ; and whUe science watched its moveqientB, the eye 
of the popiuaoe rested on its form without alarm, as the former had 
failed to. produce the dkeful results which had been anticipated. The 
views of If ewton had arrested the attention of Halley, who commeooed 
calenlatEog the orbits of all the comets upon which definite obaerrft- 
tiona had been made, twenty-four in number, for the purpose of eomp 
paring their elements. As the resiQt of his observation and eomi- 
putations, he *' ventured to foretell that it would return again in the 
year 1768." The event realised the prediction of Halley, and idso 
answered to the calculations of the Frendi astronomers, who had 
been most diligently emplo^red in computations on the sulneet. The 
com6t was first seen on Chnstmas-da^ by a farmer by profession^ taut * 
a self-educated astronomer, in the neighbourhood of broaden. 

The comet of 1006 is believed, on good reason, to have been 
identical with that which appeared in 1682. It re-i^peared serenl 
times, and in 1456 it passed very near to the Earth, and filled all 
Christendom with consternation. It swept the heavens with a tail 
extending over sixty degrees, in the form of a sword or sabre. The 
Turks had iust then become masters of Constantinople, and threat- 
ened an advance into thei heart of Europe. The comet yarioudy 
excited hope and fear, according as it was regarded by different 
observers. The Pope, Calixtus 111., regarded the comet as in league 
with the Moslems, and ordered the Ave Maria to be repeated by the 
faithful three times a day instead of twice. He directed the churdbi 
bells to toll at noon, and to the Ave Maria the prayer was added, 
** Lord, save us from tiie Devil, the Turk, and the comet !" and once 
a day tiiese obnoxious persons were regularly excommunicated. The 
comet, at length, having patientiy endured some months of abuse, 
cursing, and excommunication, showed signs of retreat, and left 
Europe once more to breathe freely. At its eighth return in 1531 it 
appeared in Cancer, of a bright gold colour. In its ninth visit in 
1607 its light was pale and watery ; the tail was long and thick, like 
a flaming lance or sword. The apparent magnitude of the head was 
greater than that of any of the fixed stars, or Jupiter. Among tiie 
direful effects of its visitation was the death of the Duke of Lorraine, 
and a great war between the Swedes and Danes. So gravely wrote 
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tlwMge chroniclers of the age I " The comet' d id mc much honour," 

TM iho remnrk of CacJinal Mazarine on his death-bed, nhcn itc 
tened by his serTile attcnduits that one had made its appearance." 
Happily it is enid by Shnkespeaic, in alluaion to thia sycophancy ; — 
■' When beegars die there in no comcta eeta.' 
^ere is a class of comets, to which we have now to refer, which ore 
of tboit period, and i(«pecling Ihc rccuiicnce of which there can bs 
so doubt, inasmuch as sama of tlicm hare been ideniilied as having 
parfiuQif d lovoludoiis round the Sun, having returned at the period 
uadicted, and, as Sir J. Hereclicl remarks, " hEivc sorupulously kept 




, of Berlin, wlio whs Iho carliCBt to compute itir ' 
_ . Its orbit is Ttry duiiijiiled. The period of its re- 
17 days, or about three years and a third ; but in com- 
' ' " ■' ■ *£3 perihelion, 

rt they are conBtnnlly diminiabing. This is precisely 
b would be produced if ic moved tbiongh a resisting 
~, by diminishini; the actual velocity, 
rce, in consequence of which theaolt*' ' 
onderatcs, and the comet is drawn nearer to the Sui^ ' 
■ B MTolution in a shorler time. Acoordingiy, as 
D other way of accounting for the obaecTed a ccelem - 

Iha GaUery of Kalnro, Kev, TLob. Milacr, H,A> ^^f^ 
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tion, and for other reaionBi it appears now to be generally belieTed 
by astronomers that an etherial medium perrades the regions of space 
of sufficient density to affect the motions of comets, though so rare 
as to offer no sensible resistance to the denser masses of the planets, 
whose periods of revolution have continued exactly the same since 
the epoch of the first astronomical observations. Hence it has been 
inferred that unless the comet be dissipated altogether, it will ulti- 
mately drop into the Sun ; but the former is probably the more likely 
alternative, from the fact of its having been less conspicuous at each 
re-appearance. 

A Uiird periodic comet is one observed in 1826, by M. Biela, an 
Austrian officer, then residing at Prague. On a calculation of the 
elements of its orbit, and a comparison of these with the results of 
similar obMorratiaos on praeedins oometSy they were found to 
ctunetpood wiUi thoi* at 0110 ifliittli aad mffpmmd. m IMfi, md alio in 
1772; and bane* itiMiiodkalntiirn ha* Deen intend It » small 
in aut^ and evoi wh«t bnghtMt is aeaieely fiaisle to thm naked 
eye. ** lfawiili > l a M » ■> if tp make up fat iti aeeming inaigBiiaaace 
by tkB intereafc attadUBC to it in a ph3raical point of viawt it exhibited 
at ita last app a aia naa in 1M6 a phenomenon whieh. atmck evary 
a a fao n omar with ■ maww iMt^ aa a uing without provioaa eouBmla in 
the history of our syatem. It waa aotiuiUy aeai to sepanita itaaifinto 
two diatinet coflMta, whieh,.aftar thus parting coBBpany, a ontinue d to 
jounwy along anucaUj throu^ an «o of 70 dag* of tiMor mggtaamt 
orbit, kaeping all the while within tha sama ilalcl of irlaw of the 
talaaoopa pointed towards tham. The first mdioatiwi of samaAing 
unusual being about to take nlace, might be» p erhaps l eft giait to &e 
19th of Dec«nber» 1846, when the comet ameand paareHapcd, 
the nebulosity being unduly elongated m the ttflath. iollomig 

dirMftiuHi "• ' ' ^ " 

Some moptliB before the expected return of IKela'a eoMafe bi 1882, 
it waa announced by astronomers who had calewlatod fto patfl^ tfcat it 
would erosa the plane of the Earth's orfait Torr near to tito Sttth's 
patih ; BO that should the Earth happen at the tkoB to ha at thatpoint 
of her rerolntiony a coltision mignt take plaee. It wfll be ficah in 
the memory of many with what feeUngs thia fact waa reeehred : public 
attention was aroused almost to a pitch of terror, much was written 
on the subject, and so much alarm was excited among the less-in- 
formed classes in France, that it was deemed expedient by the French 
Academy that an article should be prepared by M. Arago for the 
express purpose of allaying the apprehension. The fact itself could 
not be disputed, but he succeeded in showing that the Earth would 
not be nearer the point at the time of the passing of the comet than 
fifty-five millions of miles. A dday of thirty days on the part of 
the comet would have brought it into contact with the Earth ; but it 
is extremely doubtful whether even this would have been a matter of 
any great importance. Olbers, who studied the subject with great 
care, believed that, had the Earth passed directly through the 
comet, no change beyond a slight infiuence on the climate would have 



• OutUnesof Astronomy, Sir J. Herschel. 
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accrued. Let us not, then, cherish unnecessary anxieties; but, 
rather say with the Ettrick shepherd, when gazing on the comet 
of 1811 :— 

" Stranger of h«aven, I bid tbee hail 1 
Shred from, the pall of glory riren. 
That flashest in celestial gale — 
Broad pennon of the King of HeaTcn I 

" Whattfer portends thy front of fire, 

And streaming locks, so lovely pale ; 
Or peace to man, or Judgment dire. 
Stranger of heaven, I bid thee hail 1" 

For we would prefer to be classed with those of whom Thomson 
spetnCS s™^ 

•• — The enlighten'd few. 

Whose god-like minds philosophy exalts. 

The glorious stranger hail ; they feel a joy 

BiTinely great; — they in their powers exult ; 

That wondrous force of thought, which, mounting, 8i»imi 

The dusky spot and measures all the sky ; 

While, from his far excursion through the wilds 

Of barren ether, faithful to liis time. 

They see the blazing wonder rise anew 

To work the will of all-sustaining love." 

&rly in the year 1843, the world was startled by the apparition of 
an object in the western heavens like a streak of Aurora, streaming 
from the re^on of the Sun below the constellation Orion. Its outline 
was very distinct, and its light was sufficiently brilliant to attract at 
CBce the attention of people out of doors. The nucleus itself was 
fisible in more southern latitudes, where the comet altogether was 
seen far more distinctly than in this country. The proportion of the 
tail actually visible here on the nights of the l7th and 18th of March 
was fully 30^ in length, according to the estimate of Sir John Herschel, 
and afterwards 45® were measurable by Sir James South. Its train 
must have extended over the heavens not less than 160 millions of 
nules. Upon at first becoming visible, it was travelling with immense 
rapidity away from the Sun, having already doubled the solar orb. 
The comet was observed at Washington, and has been described by 
Lieut. Maury. " On Monday morning, March 6," he says, " our 
attention was called to a paragraph in the newspapers, stating that a 
comet was visible near the Sun at mid-day with the naked eye. The 
sky was clear ; but not being able to discover anything with the 
unassisted eye, recourse was had to a telescope, without any better 
success. About sunset iirthe evening, the examination was renewed 
with great diligence, but to no purpose. The last faint streak of day 
gilded the west, beautiful and delicate fleeces of cloud curtained the 
bed of the Sun, the upper sky was studded with stars, and all the 
hopes of seeing the comet that evening had vanuhed. Soon after we 
retired, the officer of the watch annoimced the appearance of the comet 
in the west. The phenomenon was sublime and beautiful. The 
needle was greatly agitated ; and a strongly-marked pencil of light 
was streaming up from the path of the Sun in an oblique direction 
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to the southward and eastward ; its edges were parallel. Stars could 
be seen twinkling through it, and no doubt was at first entertained, 
bat that this was the tail of the comet. The officer of the watch was 
directed to search the eastern sky with the telescope in the morning, 
from early dawn and before, till sunrise. Nothing strange or uncom- 
mon was noted by him. Tuesday was a beautiful day. The Sun was 
(dear, gilding, as it sunk below the hills, a narrow streak of cloud, 
seen through the tree-tops beyond the Potomac. The tail had 
appeared of great length for the first time the evening before ; there- 
fore we expected to find its length this erening greatly increased. It 
was a moment of intense interest when the first stars began to appear. 
The last rays of the Sun still glittered in the horizon, and at this 
moment a well-defined pencil of hairy light was seen pointing towards 
the Sun."* Soon after six o'clock it grew more distinct, and then 
began gradually to fade away, and in u short time had entirely dis- 
appeared. 

Besides the comets whose periodical return to the neighbourhood 
of the Sun has been determined with any certainty, a great many 
haye come within sight of the Earth, and it is estimated that these 
form but a very small proportion of the number actually existing in 
our system. To form an exact estimate of the total would be impo6« 
sible, but it is agreed by those best competent to judge that it is 
enormous. Sir John Herschel computes the number that have 
appeared within the Earth's orbit during the last century at 140, 
which have not been seen again. Now, if a thousand years be regarded 
as the average period of these, then it is reasonable to expect as many 
new ones in another century till we have seen them tdl once ; and 
then at least 1,400 must exist within the orbit of the Earth. Now 
the orbits of the comets are so extensive that even the perihelion 
distance of many is beyond the orbit of Mars ; and as it is not unrea- 
sonable to suppose that they are distributed with something like 
imiformity, the number ranging within the orbit of the more distant 
planets may be computed from that ranging vtithin the orlnt of the 
Earth by estimating their relative distance. Uranus, for instance, is 
about twenty times the Earth's distance from the Sun ; the spaed 
included wiuiin a sphere of the diameter of his orbit is 8,000 times 
that which would be included by a corresponding sphere of the 
diameter of the Earth's orbit; and multiplying mis number by 
1,400, we obtain 11,200,000 as the list of comets which may be Biip<' 
posed to come within the range of Uranus. Other estimates ef a 
similar kind have been formed. M. Arago compu^tes them at between 
three and four millions, but thinks that the probabilities are, from 
various causes, that tliis number should be doubled. 

Now, whatever may be the result of these calculations, it is enough 
for our present purpose to have a general idea of the fact of the vast 
array of comets which, there is every reason to believe,- exist, and we 
shall thus better understand the imp(»rtance of the relation which they 
sustain to the great economy of our planetary system. 

In observing the cometary bodies various questietis naturally arise 
- - ^ — ■. : — — ; :^ : -. ^_:. 

* Qaoted from «'Tlis Gallfery>« Fattee." ByBev.Thoihwj Milner,"M:A; 
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thoir physical constitution ; but on this point, notwithstanding 
attention which has been given to the subject, nothing definite is 
^wn. Still various attempts have been made to obtain a plausible 
Sanation of the remarkable and interesting phenomena that are 
lented, and it is right that to some of these reference should be 
le. Are the comets, it maj be asked, solid, or are they only masses 
;aseou8 matter ? Do they derive light from the Sun, or are they 
dnous of themselves ? Do they gradually waste away, or do they 
tinue of the same magnitude and of the same intensity of light ? 
he question as to the masses of the planets is considered to be 
srmined. It is believed to be well substantiated that though 
ural comets have been placed in situations in which a mass as heavy 
. satellite of Jupiter would ha^e produced sensible effects of per- 
)ation, no such effects have been produced. The comet of 1770, 

it been only the five-thousandth part of the Earth, would have 
red the length of our year more than a second of time, which 
it have beem observed again and again before now. The same comet 
»t have passed in 1779 between the satellites of Jupiter; had it 

1 the finieth part of one of them in mass it must have affected 
; system sensibly. The comet of Bicla came very near the Earth 
882, but not the slightest effect of perturbation has been observed. 
The smaller comets," says Sir John Herschel, whose remarks 
a the subject we may abridge, <*such as are visible only in 
icopes, or with difficulty by the naked eye, and which are by far 

most numerous, offer very frequently no appearance of a tail, 
appear only as round or somewhat oval vaporous masses, more 
le towards the centre, where, however, they appear to have no 
Lnct nucleus, or anything; which seems entitled to be considered 
solid body. Stars of the smidlest magnitudes remain distinctly 
}le, though covered with what appears to be the densest portion 
heir substance ; although the same stars would be completely 
terated by a moderate ifog, extending only a few yards from the 
ace of the Earth. Whenever powerful telescopes have been turned 
:hese bodies, they have not failed to dispel the illusion which 
ibutes solidity to that more condensed part of the head which 
mrs to the naked eye as a nucleus ; though it is true that in some 
ry minute stellar point has been seen, indicating the existence of 
lid body." Sir John attributes the extraordinary development of 
atmosphere of oomets to the feeble gravitation of so small a 
ral mass exerted on the gaseous parts. The result would be 
lar if our Earth, retaining its present size, were reduced by 
owing out its central parts to one-thousandth part of its actual 
s, for the coercive power over the atmosphere would be reduced 
le same proportion, and the latter would expand to a thousand 
» its present bulk. 

«nce, from all the information which can be gleaned upon the 
ect, fdmost all speculation has proceeded on the assumption that 
^s of comets consist of matter similar to the gases on our earth, 
is a continual efflux from the body. 

he matter which constitutes the taol of a comet is of such extreme 
ity» that, according to Sir Isaac Newton, the whole tail of a comet 
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might be comprised in the gpace of a cubic inch, and that, even then, 
its density wonld not exceed that of our atmosphere. If this view be 
correct, the matter is so highly refined as to be extremely buoyant and 
capable of yielding to the smallest effort ; and as the tail is generally 
on the side opposed to the Sun, both in advancing towards him, and 
in retiring from him, it has been conjectured that the Sun, after 
raising this nebulous matter from the surface of the comet by his 
heat, drives it forward to form the tail, by the same kind of impulse 
which occasions the vibrations of the ether constituting light. This 
opinion has also been employed in explanation of the rapid formation 
of the tails of comets ; but it must be observed that the comet of 
1825, which had two tails>*-one directed towards the Sun, «nd one 
from it — does not confirm the idear 

The curvature of the extremity of the tails of comets during their 
passage round the Sun, has been attributed to two causes. The 
attraction of a comet for the particles of its tall, combined with the 
direction of its motion in approaching the Sun, causes the parts of the 
tail adjacent to the head to follow the comet's motion more rapidly 
than those at a greater distance, which are less under the influence of 
its attraction ; hence, when the speed of the comet is increased in 
passing round the Sun, the increase of rapidity is not instantaneously 
transmitted to the farther end of the tail, which consequently lags 
behind. The end of the tail also consists of matter in a much more 
attenuated state than that near the head ; it therefore yields more 
readily to the resistance opposed to it by the dense atmosphere of the 
Sun, which, combined with the former cause, occasions the curvaturt 
of the end of the tail. This view, if it is correct, is confirmatoiy 
of the existence of an ethereal fluid. 

If the theory of the tenuity of the tails of comets foe correct, 
we might as well attempt to ascertain how far a cloud which is 
driven against a mountain will tend to break off the top, as speculate 
upon any mechanical danger to the Earth from contact with a comet. 
Ihe effect of such a circumstance would be the mixture of its gasecnu 
material with the atmosphere, probably a permanent rise in the mean 
height of the barometer ; and if the gaseous matter should eondenie 
sufficiently to descend to the lower regions of our atmosphere, some 
effect might be produced upon animal and vegetable existence. 

The various facts which have been collected from the history of 
comets lead to the conclusion that their structure, as seen in seotion, 
in the direction of their length, must be that of a hollow envelope, of 
a parabolic form, enclosing near its vertex the nucleus and heed. Thie 
would account for the apparent division of the tail into two lateral 
branches ; but it is most probable that their etructare and phyeioal 
constitutions are widely different 
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THE STELLAR UNIYEBSE. 

Means of Defennlning the Distances of the Stan — ^Parallax — ^DifflcuUf of 
Appreoiat.ng the Kmnbers and Distances of the Stany Worlds —Magni- 
tades of the Stars — Catalogues of the Stars— Herschel and Piazzi — The 
lOllcjr Way — Sapposftfons of the Ancients in Reference to the Hillcy Way 
—Constellations — ^Double Stars^Periodioal Stars— Temporary Stars — 
The Colour of the Stars — Complementary Colour of the Stan — Sdntil- 
lation of the Stars — Luminous Interferences — Multiple Systems — Trans- 
latioa in Space of the Solar System. 

Hatdto thus attempted to deftcribe some of the wonders of our 
planetary system, we leave the consideration of its comparatively 
minute proportions, and launch forth on an investigation of the sur- 
passing glories of the stellar universe. But at the outset of our efforts 
a difficulty — a great difficulty — ^is presented. A problem arises 
which deniands solution, or will prove an insurmountable barrier to 
any high achievements in the science. Man looks forth from his 
planet-home on the star-lit vault around him, and seeks to ascertain 
the mighty laws by which those orbs subsist, and the relations which 
they siistain to each other. His first step in the stupendous enter- 
prise is to determine the Stance of some one star. Where shall he 
find help to accomplish the great enterprise } How shall he wing 
his flight from orb to orb } Where is the measuring-rod to fathom 
the infinite depth? like the tiny insect, which has reached the 
furthest extremity of the little stem or leaf which seems to be to it a 
world, and stretches its filaments to their utmost length to bridge 
the abyss which yawns beneath, so the nund of man strives to grasp 
the great idea before him, and to make it his own. He fails ; but the 
effort has toughened and strengthened the mentid fabric. Baffled, but 
unconquered, he returns again and again to the attack, and at length 
the immeasurable gulph is passed, and the ascertaineid distance of a 
single star rewards the toils of half a century. Let us see how this 
task was accomplished. 

The longest hue with which nature has furnished us of actually 
measuring, is the circumference of our own globe. From tliis geometry 
teaches us how to find its diameter, and tiie diameter we employ as a 
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scale with which to compare the distance? of the Sun and Moon, and 
the other bodies of the solar system. But, large as is this means of 
measurement in our conceptions, it is an insensible point in com- 
parison with the distances of the fixed stars, and other aid must be 
Drought into requisition. 

When the fixed stars are examined through a good telescope, they 
do not seem to haye any sensible disc, and, thougn their light is more 
brilliant than when viewed with the naked eye, their size is rather 
^minished than augmented. This circumstance alone would have 
been in itself a striking evidence of the immense distance of these 
celestial bodies, had we not been in possession of proof still more 
convincing. If the Earth's diameter had subtended any sensible 
angle at the nearest fixed star, astronomers would have been able to 
determine the distance by the observed change in its place when 
viewed from the two extremities of the Earth's diameter. This base, 
however, being found to be too small, they have attempted to dis" 
cover a change in the position of the stars, when viewed from the 
Earth in two opposite points of its orbit ; or, in other words, to find 
the angle subtended by the diameter of the Earth's orbit at the fixed 
stars, which is called their annual parallax, it being previously un- 
derstood that if upon this base of nearly two hundred millions of 
miles an angle of so much as one second, or the 3600th part of a 
degree, could be raised, the distance might be assumed in tibat 
instance as not less than 19,200,000 millions of miles ! In the eaae 
of the most brilliant star, Sirius, even this minute parallax could not 
be found, from which, of course, it was to be inferred that that star is 
further removed than even this vast distance. In some otheiSt on 
which the experiment has been tried, it wIas equally impossible to 
detect a parallax. We seem thus to be left in a hopeless state of 
ignorance regarding the measurements of the sidereal universe, as If 
it were such a question that man was not destined ever to answ^. But 
at length, in our own time, responses came from several points almost at 
once. By Professor Henderson it was ascertained that the star « oC 
the constellation of the Centaur — the third in brightness in our hea- 
vens, but in reality a double star, and believed, for. various reasoosy 
to be among those nearest to us — ^had a parallax oif a full second, 
establishing its distance in miles at about nineteen millions of Bul- 
lions. Afterwards, Professor Bessel, of Konigsberg, assigned a 
parallax of thirty-one hundreths of a second to the £>uble star 61 
Cygni, placing it at a distance nearly 670,000 times that of the Earth 
from the Sun, a distance which it would require nine yeaxsanda 
quarter for the light to traverse.* This has been styled '* a magni- 
ficent conquest," and, whether we consider the amoimt of labour 
bestowed upon it, or the value of the information which it g^ves, the 
term is appropriate. If the proportion of light received from tibe 
other stars is a correct index to their comparative distance, the con- 
clusion is arrived at that many, even of those in the Milky Waj,miisfc 
be so distant, that their light would be at least a thousand 
tnveUingto the earth, notwithstanding its amazing rapidity. 

* MoatbJjr NoHees of the Royal AjstTOiiomi«i\^oc&fi^,l&MA^^* 
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*' And thMft ftrenunii I 'VMt. central, llring flrfm, 
tjfyrAft of dftpfflfl«mt njHttmn, kingN of world*, 
1 hftt wait RN Mti!llit«4 ufiofi thAfr (lOWftr, 
And llouriiih in thHr Mnile. A wakft, my mn), 
A nd fn«dltftt* th« w«nid*r. I OmntltM Min» 
Wtan round tliMjcailln^ forth tli«:ir arantiM* world* f 
WorldiH- in whMe bogonui ilvlnff thiDfpi re>iioep 
And drink tbt bllM of being fn/m thit §tmni 
Of «ll-p«rvafling lor«. WiMi mi mi can know. 
What tongua can uttar. all thflr inultitutiai, 
llitu nuinlHirlefM in iivrotiCjrlcM abotlcm. 
Known but to Ui<'!, blent Katli«:r! thine Uicjr are, 
Iby cliiUlrfin, and ttiy care -and non« o'Krl/j«>k«I 
()f tli«N:( Vo, not th«! hnmbfMt wml that dw«;llN 
f r^ion th« bum blent glotj*-, whi«h wbet:l« its ernirM 
AmM th« giant glorien of ttie nky, 
lAkti tha mean motr, that danoM» in tha beftin 
Amongit the thonnand mirnyr'd lainpi, whleh fling 
Thair waatAftU aplandonr fmm tha piiiact wall — 
NfAft, none eteapc the klndneaa of thjr oara ; 
All comfiaawad undamaath thy uiftutUfW wlug, 
Kacb ftd and guldftd by thy iK^werful baud-"* 

mighty aro the dMtanci.'fl thus opened up to our cantGmpUtion, 
, M inMigiiiAc4nt in thU world in the eompariarm, that were tho 
)«, with all itM myruda U) sink into annihilation, there arc portionH 
he unlvfrifo where an event ao awful U> ua, would \te unnoticerl 
: wiknown, and known to othftn only aa of a little itar which had 
•ad from it* twinkling. We ihould feci a Rentiment of modcaty 
Ma juat hut humiliating n^prcfcntation. Wo tliould learn not to 

1 on our Karth ai the un'irtne of OymI, but one paltry and inaig- 
oatit portion of it ; that it ia only one of the many maneirjnH whidi 

Supreme Bcdng haa ereated for tho accommodation of hia wor- 
>peni, and onlv one of the many worldi rolling in that flood of 
\Zf which tho nan pours around him to the outer limitf of tho 
loovy syatam. 

** Ym, gforlooii Iflmpf of Ood I TTe mtj hire qacnehed 

Trmr aneltmt flameN, and bid et«mnl nigtit 

ItMt en ytmr apherea, and yet no f idlnga reach 

Thii dlitant planet. Meiacngwi utill coma 

Laden whh yoar flu Are, and we may aaem 
i: ■ To we yew llghte •tlU banilng, while thair blase 
■! Jlut hMea the Maak wveok «f axUnguiahcd nalm*. 

Where aaarohy and dorknew Iwng bava reigii«d.'*t 

l0f it niuflthe confMfl^, that it ia no ca^y taiik ercn for the astro- 
tn to jpin concfptlonn of the j^fgnntic thrmio before him at all 
fite^toita TftRtprriportionn. What thoughta munt buret upon 
nflhdi when ft for thn firat timo attcmtyta to gnwn the great fact of 
imtAebilty of the unlTime I What fecHngH, too deep for uttcranco 
tfoWfof tears, orerwhelm the uttuX at the perception of the thought 
i^Ardi it hut an M^m In ike awfhl expanse of creation, and wo 



^m 
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scale with which to compare the distances of the Sun and Moon, and 
the other bodies of the solar system. But, large as is this means of 
measurement in our conceptions, it is an insensible point in com- 
parison with the distances of the fixed stars, and other aid must be 
Drought into requisition. 

When the fixed stars are examined through a good telescope, thej 
do not seem to have any sensible disc, and, though their light is more 
brilliant than when viewed with the naked eye, their size is rather 
diminished than augmented. This circumstance alone would have 
been in itself a striking evidence of the immense distance of these 
celestial bodies, had we not been in possession of proof still more 
convincing. If the Earth's diameter had subtended any sensible 
angle at the nearest fixed star, astronomers would have been able to 
determine the distance by the observed change in its place when 
viewed from the two extremities of the Earth's diameter. This barc, 
however, being found to be too small, they have attempted to dis' 
cover a change in the position of the stars, when viewed from, the 
Earth in two opposite points of its orbit ; or, in other words, to find 
the angle subtended by the diameter of the Earth's orbit at the fixed 
stars, which is called their annual parallax, it being previously un- 
derstood that if upon this base of nearly two hundred millions of 
miles an angle of so much as one second, or the 3600th part of a 
degree, could be raised, the distance might be assumed in that 
instance as not less than 19,200,000 millions of miles! In the case 
of the most brilliant star, Sirius, even this minute parallax could not 
be found, from which, of course, it was to be inferred that that star is 
further removed than even this vast distance. In some others, on 
which the experiment has been tried, it was equally impossible to 
detect a parallax. We seem thus to be left in a hopeless state of 
ignorance regarding the measurements of the sidereal universe, as if 
it were such a question that man was not destined ever to answ«v. But 
at length, in our own time, responses came from several points almost at 
once. By Professor Henderson it was ascertained that the star a d 
the constellation of the Centaur — the third in brightness in our hea- 
vens, but in reality a double star, and believed, for various reasons^ 
to be among those nearest to us — ^had a parallax of a full second, 
establishing its distance in miles at about nineteen millions of mil- 
lions. Afterwards, Professor Bessel, of Konigsberg, assigned a 
parallax of thirty-one hundreths of a second to the double star 61 
Cygni, placing it at a distance nearly 670,000 times that of the Earth 
from the Sun, a distance which it would require nine yeairs and a 
quarter for the light to traverse.* This has been styled ** a magni- 
ficent conquest," and, whether we consider the amount of labonr 
bestowed upon it, or the value of the information which it gives, the 
term is appropriate. If the proportion of light received from tlie 
other stars is a correct index to their comparative distance, Uie con- 
clusion is arrived at that many, even of those in the Milky Way, must 
be so distant, that their light would^ be at least a thousand years la 
UaTsUing to the earth, notwithstanding its amazing rapidity. 
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■ ** And these are suns I— vMfc, central, living fires, 
Lords of dependent systems, kings of worlds. 
That wait as satellites upon their power, 
And flourish in thdr smile. Awake, my sool, 
And meditate the wonder. I Conntless eons 
Blaze round thee, leading forth their countless worlds I 
IVorlds— hi whose boaoms living things rejoice. 
And drink the bliss of being flrom the fount 
Of all-pervading love. What mind can know. 
What tongue can utter, all their multitudes, 
Thus numberless in numberless abodes. 
Known but to thee, blest Father! thine they are. 
Thy children, and thy care — and none overlooked 
Of theel No, not the humblest soul that dwells 
Upon the humblest globe, which wheels its course 
Amid the giant glories of the sky, 
Like the mean mote, that dances in the beam 
Amongst the thousand mlrror'd lamps, which fling 
Their wasteful splendour from the palace wall — 
None, none escape the kindness of thy care ; 
All c<Mnpassed underneath thy spacious wing, 
Each fied and guided by thy powerful hand."* 

So mighty are the difitances thus opened up to our contemplation, 
and so insignificant ia this world in the comparison, that were the 
globe, with all its myriads to sink into annihilation, there are portions 
of the universe where an event so awful to us, would be unnoticed 
and unknown, and known to others only as of a little star which had 
ceased from its twinkling. We should feel a sentiment of modesty 
at this just but humiliating representation. We should learn not to 
look on our Earth as the universe of God, but one paltry and insig- 
nificant portion of it ; that it is only one of the many mansions whi& 
the Supreme Being has created for the accommodation of his wor- 
shippers, end only one of the many worlds rolling in that flood of 
light, which the Sun pours around him to the outer limits of the 
planetary system. 

** Tea, glorious lamps of God I He may have quenched 
Your ancient flames, and bid eternal night 
Beet on your spheres, and yet no tidhigs reach 
This distant planet. Messengers still come 
Laden with yodr flu* fire, and we may seem 
To see your lights still burning, while their blast 
But hides t)ie black wreck of extinguished realm«, 
Where anarchy and darkness long have reigned.''f 

Tet it must be confessed, that it is no easy task even for the astro- 
nomer to gain conceptions of the gigantic theme before him at all 
adequate to its vast proportions. What thoughts must burst upon 
^e mind, when it for t^e first time attemprts to grasp the great fact of 
theimiofiepsity of the universe ! What feelings, too deep for titterance 
\i\d even for' tears, overwhelm the soul at the perception of the thought 
that Earth hi but an atom in the awfhl expanse of creation, and we 
' ~ - "- - " — '- 

., • Kev. H. Ware. f Ibid. 

■■■■■■*« 



83 WONDERS OF THE HEAVENS. 

scale with which to compare the distance? of the Sun and Moon, and 
the other bodies of the solar system. But, large as is this means of 
measurement in our conceptions, it is an insensible point in com- 
parison with the distances of the fixed stars, and other aid must be 
Drought into requisition. 

When the fixed stars are examined through a good telescope, thej 
do not seem to have any sensible disc, and, though theur light is more 
brilliant than when viewed with the naked eye, their size is rather 
diminished than augmented. This circumstance alone would have 
been in itself a striking evidence of the immense distance of these 
celestial bodies, had we not been in possession of proof still more 
convincing. If the Earth's diameter had subtended any sensible 
angle at the nearest fixed star, astronomers would have been able to 
determine the distance by the observed change in its place when 
viewed from the two extremities of the Earth's diameter. This base, 
however, being found to be too small, they have attempted to dis* 
cover a change in the position of the stars, when viewed from, the 
Earth in two opposite points of its orbit ; or, in other words, to find 
the angle subtended by the diameter of the Earth's orbit at the fixed 
stars, which is csdled their annual parallax, it being previously un- 
derstood that if upon this base of nearly two hundred millions of 
miles an angle of so much as one second, or the 3600th part of a 
degree, could be raised, the distance might be assumed in that 
instance as not less than 19,200,000 millions of miles ! In the case 
of the most brilliant star, Sirius, even this minute parallax could not 
be found, from which, of course, it was to be inferred that that star is 
further removed than even this vast distance. In some others, on 
which the experiment has been tried, it was equally impossible to 
detect a parallax. We seem thus to be left in a hopeless state of 
ignorance regarding the measurements of the sidereal universe, as if 
it were such a question that man was not destined ever to answier. But 
at length, inourown time, responses came from several points almost at 
once. By Professor Henderson it was ascertained that the star m of 
the constellation of the Centaur — the third in brightness in our hea- 
vens, but in reality a double star, and believed, for. various reasons^ 
to be among those nearest to us — ^had a parallax oif a full second, 
establishing its distance in miles at about nineteen millions of mil- 
lions. Afterwards, Professor Bessel, of Konigsberg, assigned a 
parallax of thirty-one hundreths of a second to the double star 61 
Cygni, placing it at a distance nearly 670,000 times that of the Earth 
from the Sun, a distance which it would require nine ^ea^ and a 
quarter for the light to traverse.* This has been styled ** a magm- 
ficent conquest," and, whether we consider the amount of labour 
bestowed upon it, or the value of the information which it g^ves, the 
term is appropriate. K the proportion of light received from the 
other stars is a correct index to their comparative distance, the con- 
clusion is arrived at that many, even of those in the Milky Way.iBnsk 
be so distant, that their light would be at least a thousand years in 
tmvellingto the earth, notwithstanding its amazing rapidity. 

• Monthly NoOcea of the Royal AattonoBAwiawftsfc^.'aMA*^- 
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** And these are sans 1— yast» central, living fires, 
Lords of dependent systems, kings of worlds. 
That wait as satellites upon their power, 
And flourish in their smile. Awake, my sool, 
And meditate the wonder. 1 Coantless bobs 
Blaze round thee, leading forth their countless worlds 1 
IVorlds — ^in whose bosoms living things r^ioe. 
And drink the bliss of being flrom the fount 
Of all-pervading lore. What mind can knoir. 
What tongue can utter, all their multitudes. 
Thus numberless in numberless abodes. 
Known but to thve, blest Father! thine tlicj are. 
Thy children, and thy care — and none o'erlooked 
Of theel No, not the humblest soul that dwells 
Upon the hmnbletit globe, which wheels its course 
Amid the giant glories of the sky, 
Like the mean mote, that dances in the beam 
Amongst the thousand mirror'd lamps, which fling 
Their wasteful splendour ftom the palace wall — 
None, none escape the kindness of thy care t 
All c<Mnpassed underneath thy spacious wing, 
Each fied and guided by thy powerful hand."* 

So mighty are the difitances thus opened up to our contemplation, 
and so insignificant is this world in the comparison, that were the 
globe, with all its myriads to sink into annihilation, there are portions 
of the tmiyerse where an event so awful to us, would be unnoticed 
and unknown, and known to others only as of a little star which had 
ceased from its twinkling. We should feel a sentiment of modesty 
at this just but humiliating representation. We should learn not to 
look on our Earth as the uniyene of God, but one paltry and insig- 
nificant portion of it ; that it is only one of the many mansions which 
the Supreme Being has created ror the accommodation of his wor- 
^ppers, and only one of the many worlds rolling in that flood of 
light, which the Sun pours around him to the outer limits of the 
planetary system. 

** Tea, glorioos lamps of God I He may have quenched 
Yomr ancient flames, and bid eternal night 
Best on your spheres, and yet no tidings reach 
This distant planet. Messengers still coma 
Laden with yo«ir flu* fire, and we may seem 
To see your lights still burning, whUa their blast 
But hides the black wreck of extinguished realms 
Where aaai^hy and darkness long have reigned."f 

Tet it must be confessed, that it is no easy task eren for the astro- 
nom:er to jgain conceptions of the gigantic theme before him at all 
adequate to its yast proportions. What thoughts must burst upon 
the mind, when it for the first time attempts to grasp the great fact of 
the immensity of the uniyerse ! What feelings, too deep for titterance 
\nd eyenfor tears, overwhelm the soul at the perception of the thought 
that Earth is but an atom in the awfhl expanse of creati<^TL^ «a^ 

^^ — - —^^^~~ ^'~' 
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scale with which to compare the distance? of the Sun and Moon, and 
the other bodies of the solar system. But, large as is this means of 
measurement in our conceptions, it is an insensible point in com- 
parison with the distances of the fixed stars, and other aid must be 
brought into requisition. 

When the fixed stars are examined through a good telescope, thej 
do not seem to have any sensible disc, and, thongn their light is more 
brilliant than when viewed with the naked eye, their size is rather 
diminished than augmented. This circumstance alone would have 
been in itself a striking evidence of the immense distance of these 
celestial bodies, had we not been in possession of proof still more 
convincing. If the Earth's diameter had subtended any sensible 
angle at the nearest fixed star, astronomers would have been able to 
determine the distance by the observed change in its place when 
viewed from the two extremities of the Earth's diameter. This base, 
however, being found to be too small, they have attempted to dis* 
cover a change in the position of the stars, when viewed from, the 
Earth in two opposite points of its orbit ; or, in other words, to find 
the angle subtended by the diameter of the Earth's orbit at the fixed 
stars, which is called their annual parallax, it being previously ud- 
derstood that if upon this base of nearly two hundred millions of 
miles an angle of so much as one second, or the 3600th part of a 
degree, could be raised, the distance might be assumed in that 
instance as not less than 19,200,000 millions of miles! In the case 
of the most brilliant star, Sirius, even this minute parallax could not 
be found, from which, of course, it was to be inferred that that star is 
further removed than even this vast distance. In some othets, on 
which the experiment has been tried, it was equally impossible to 
detect a parallax. We seem thus to be left in a hopeless state of 
ignorance regarding the measurements of the sidereal universe, as if 
it were such a question that man was not destined ever to answ^sr. But 
at length, in our own time, responses came from several points almost at 
once. By Professor Henderson it was ascertained that the star m of 
the constellation of the Centaur — the third in brishtness in our hea- 
vens, but in reality a double star, and believed, for. various reasonSy 
to be among those nearest to us — ^had a parallax oif a full second. 
establishing its distance in miles at about nineteen millions of mil- 
lions. Afterwards, Professor Bessel, of Konigsberg, assigned a 
parallax of thirty-one hundreths of a second to the double star 61 
Cygni, placing it at a distance nearly 670,000 times that of the Earth 
from the Sun, a distance which it would require nine yea^sanda 
quarter for the light to traverse.* This has been styled ** a magni- 
ficent conquest," and, whether we consider the amount of laboor 
bestowed upon it, or the value of the information which it g^ves, the 
term is appropriate. If the proportion of light received from the 
other stars is a correct index to their comparative distance, Uie con- 
clusion is arrived at that many, even of those in the Milky Way.mnat 
be so distant, that their light would be at least a thousand years in 
tnreUingto the earth, notwithstanding its amazing rapidity. 

• MoBthly NoUees of the Royal AatTouc«Aw2La«asfc?*'a»?!A*^« 
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*' And these are suns I— vMt, central, living fires, 
Lords of dependent systems, kings of worlds. 
That wait as satellites npon their power, 
And flourish in their smile. Awake, my sool, 
And meditate the wonder. 1 Coantless subs 
Blaze round thee, leading forth their countless worlds I 
IVorlds— hi whose bosoms living things rejoice. 
And drink the bliss of being flrom the fount 
Of all-pervading love. What mind can know. 
What tongue can utter, aU their multitudes, 
Thus numberless in numberless abodes. 
Known but to thee, blest Father! thine they are, 
lliy children, and thy care — and none overlooked 
Of theel No, not the humblest soul that dwells 
Upon the humblest globe, which wheels its course 
Amid the giant glories of the sky, 
Like the mean mote, that dances in the beam 
Amongst the thousand mlrror'd lamps, which fling 
Their wasteful splendour item the palace wall — 
None, none escape the kindness of thy care ; 
All compassed underneath thy spacious wing, 
Each fied and guided by thy powerful hand."* 

So mighty are the distances thus opened up to our contemplation, 
and so insignificant is this world in the comparison, that were the 
globe, with all its myriads to sink into annihilation, there are portions 
of the universe where an event so awful to us, would be unnoticed 
and unknown, and known to others only as of a little star which had 
ceased from its twinkling. We should feel a sentiment of modesty 
at this just but humiliating representation. We should learn not to 
look on our Earth as the uniyerse of God, but one paltry and insig- 
nificant portion of it ; that it is only one of the many mansions whi& 
the Supreme Being has created for the accommodation of his wor- 
^ppers, and only one of the many worlds rolling in that flood of 
light, which the Sun pours around him to the outer limits of the 
planetary system. 

** Tea, glorfoos lamps of God I He may have quenched 
Your andent flames, and bid eternal night 
Seet on your spheres, and yet no tidings reach 
lliis distant planet. Messengers still come 
Laden with yodr fku* fire, and we may seem 
To see your lights still burning, whii« their blase 
But hkles the black wreck of extinguished realms 
Where aaarohy and darkness long have reigned."f 

Tet' it must be confessed, that it is no easy task even for the astro- 
nomer to jgain conceptions of the gigantic theme before him at' all 
adequate to its Tast proportions. What thoughts must burst upon 
the mind, when it for the first time attemprts to grasp the great fact of 
theimhie^slty of the uniyerse ! What feelings, too deep for titterance 
*md eyen.for tears, overwhelm tiie soul at the j^erception of the thought 
that Earth is but an atom in the awfhl expanse of creati<^TL^ voi^ 

., • JJer. H, War^. \ Ws^ 
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lightly, or altogether disregard them, except for briefly naming par* 
ticular stars. . . . The constellations seem to haye been idmost 
purposely named and delineated to cause as much confusion and 
inconyenience as possible. Innumerable snakes twine thrQiigh long 
and contorted areas of the heavens, where no memory can follow 
them ; bears, lions, and fishes, large and small, northern and southern, 
confuse all nomenclature." 

Dr. Dick suggests that in the formation of such an arrangement of 
the stars, names might still be selected from objects wnioh bear 
resemblance to the actual figures which appear in the heavens. With- 
out attempting to determine what these should be — which would re- 
quire the attention and assistance of the diiefis of the astronomical world 
— he rightly conceives that a number of dusters might be reduced to 
mathematical figures and diagrams, and in so far as these were found 
to resemble the starry groups, they would form a naiurai repreaenta- 
tion. There actually appear in the heavens triangles, squares, 
paralleloerams, pentagons, crosses, trapezziums, perpendioulmr and 
parallel hnes, and various combinations of geometrical schemes, some 
of which might be selected for the purpose proposed. Many of the 
old constellations might be preserved entire, and those which it were 
necessary to alter, might be so divided as that two or more of the new 
constellations should exactly correspond to one of the old, and vice 
versa, A new nomenclature is, we believe, indispensible, in order to 
make the study thoroughly popular, and we aver without hesitation 
that there is more of reasonableness and naturalness in some of the 
rude names given to the starry groups by the old village women of 
our land, than in many which have nad their origin among learned 
men, and have a classical allusion or twang in their formation. 

But though the horror generally cherished in this country 
against innovation may defer this alteration for awhile, yet some 
improvements may, in the interim, be effected. Dr. Dick naa sug- 
gested,* for instance, that in the meanwhile stars should be depict^ 
on our globes in white on a black or dark blue ground, so that the 
groups may appear in relief, the stars varying in size, according to 
their apparent magnitudes, with a white or coloured border, to mark 
the boundaries of the constellations. Thus, for instance, the prin- 
cipal stars in the constellation Orion would appear nearly as repre- 
sented in the engraving on the next pa^. 

We may here mention that an ingenious, and, for its construetion, 
not expensive apparatus, has been invented, which is of considerable 
use in obtaining a knowledge of the stars. A hollow twelve- inch 
globe is pierced for stars, and a lamp is placed inside the globe. 
Through the holes in which the globe is pierced the light of the lamp 
is tlirown on a hollow hemisphere of paper or calico of firom four to 
six feet diameter, allowing from ten to twenty persons to see the 
representation of the starry heavens which is made. 

The following is a list of the corstellations, ancient and modem, 
as given by Flamstead, formerly Royal Professor of Astronomy at 
Greenwich, in his ** Hittoria Celestis,** The columns furnish the 



* Sidereal Heayeni, p. i«. 
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namea of the constelUtiona, and the number of stare contained in 
each. ThsT will be found to comprehend ninetj-four groups, foitr- 
eight of which were arranged by ancient astroiiomerg, while ths 
remaindelHiBVe been determined within the laal two or three cen- 
turiea. It is not, however, to be supposed that these stars ere all 
Tuibleto the naked eye, for nearly two-tiiirda aie perceptible only bj 




the teleacope i butthey are those whose principal chiiracteriatics hate 
been accurately sscertainecl. Oq the other hand, they form a very 
■mall proportion of ^ose which really ex.ial, foi iVie tw«^ -^a^irA-Si. 
te^etcopet reveal 10 US an altogeAkei vaa'g^twiiiQXe ■m.-ii.'ua.MSa Na- ■^>* 
daiaaC regioaa of the univeiM. 
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NORTHEKN COVSTELLATlOVa, 

Name. Number of Stars. 

Ursa Minor, the Little Bear ' 34 

Ursa M%jor, the Great Bear 87 

Draco, the Dragon % 80 

Cepheus (east of Draco) 35 

Bootes, the Herdsman b4 

Corona Borealis, the Northern Crown teast of Bootes) 21 

Hercules, with Cerfoeros 113 

Lyra, the Harp 21 

Cygnus, the Swan 81 

Cts^iopeia, Lady in her Chair ..«, ...,.•• &S 

Perseus, and Head of Medusa ,.«« 59 

Auriga, the Waggoner 66 

Serpentarius, Serpent Bearer 74 

Serpens, the Serpent ,,.••• 64 

Sagitta, the Arrow (north of Aquila) « . . • . 18 

Aquila and Antonous, the Eagle, &c., •«, 71 

Delphinus, the Dolphin 18 

Equuleus, the Horse's Head. 10 

Pegasus, the Flying Horse 89 

Andromeda €6 

Triangulum, the Triangle ...««« .• 1'6 

Cameleopardalis, Cameleopard 58 

Leo Minor, the Little Lion 53 

Coma Berenices, Berenice's Hair (north of Virgo) 43 

Vulpecula et Anser, the Fox and Groose (south of Cygnus) . • 35 

Lacerto, the Lizard (east of Cygnus) « 16 

Scutum Sobieslci (north of Sagittarius) 8 

Canes Yenatici, the Greyhounds « 25 

hjnx 44 

Cerberus 4 

Mons Menelaus (south-east of Bootes) 11 

Taurus Poniatowski, the Bull of Foniatowski <w. of Aquila) 7 

Mnsca, the Fly (north of Aries) 6 

Tarandus, Bein Deer (at north pole) 12 

Total number in the Northern CoDstellatie&s 1,444 
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Those marked f never rise in north latitude 52 decrees. 

Cetus, the Whale 97. 

Orion , , , 78 

Eridanus 84 

Lepus, the Hare (south of Orion) 19 

Canis Major, the Great Dog 31 

Canis Minor (north of Monoeeros) «,, 14 

Argo Navis, the ship Argo 64 

Bjrdra, the Serpent 60 

Carried forward ^ •— ^^"^ 



TB£ BTBLLAlt tJITITEKSE. 

Number of 



Bmoght rorii«nJ 

Cnler, Uie Cd|i (xouih of Vlqio) , 

Cornu, tbi Crow ^uuth of Virgo) 

Ccntoumi. Iha CeaUar 

Lnprn, the Wolf 

l«tlbeAlUr , 

Corons Auitnlii. SoaUieni Cram 

Pi*M<-Anatr(]|> (nniihof Aqurim) .... 

Coliuiilw KmcIiI, Kmh'gUan 

fiobnrC»nillt(e»itofArgo»HTta) 

Gniit, (hE Cmne , 

Fliaolxt 

iDdwt'Uis Indlu , 

JPRVD. the PcMook 

Arott. the Bird of PuwtUe 

At^i Unieii Autnllit 

Ttiangutum Aiuinllrt (Kniih Tr4«ng1e]i . 

PlMla Tolnntti the njtng Fidi 

CunelDont (near Ihe Kulh pole) 

DonuliTt. the SwoKI Ftih 



tnitine, the ^eiUDt <>o<itb of Lao) , 

M.oioeeRM, Ihe Culajni 

Cnuf. (ha Crow 

TlK Scnlptw'i Appantiu 

ClrtiDOrt. the Compunet 

BrinileDburglam .Sceptium (wDth-wedof Orton),. 

£quDleiu ItctoHju 

Fornui Cbemica 

HorologTiini+, the am* 

Hong Uennt. Ihe Table Hounlmla 

UMhlm PDrnmatlei, tha Alr.ponip 

Nondi, or EDelld's Squire 

Oetut HadMuiuit, Hadley'a Octiai 

Pynin KaDtlca, UarlntT'i Cotppiti 

ReHenls Ithoinboldaliet 

TelncopiUDit. the Tclocspc 

Scnlplorittf . the Enxravcr-i Toole 

UlOTDKDiiuin), the IrticruHMpfl ....i ...... 



Ariel, the Run . . , 
Tinnu, the Boll... 
G«nifDi, the Tirtiu. 
Cbuct, the Cnb . 

Leo.tlieLliin 

Tir|o, tba Tlrgla . 



Cnto&tewNA., 
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Name . No. of Stars. 

Brought forward • 580 

Libra, the Balance 51 

Scorpio, the Scorpion 44 

Sagittarius, the Archer. ; . , . • 69 

Caprioomus, the Goat 61 

Aquarius, the Water-bearer 108 

Pisces, the Fishes 118 

Total number in the Zodiac 1016 

Total number of Stars in all the Constellations .... 8487 

On examining the stars with telescopes of considerable power, 
many of them are found to be composed of two or more stars placed 
contiguous to each otlier, or of which the distance subtends a Terv 
minute angle. This appearance is probably in many cases to be attri- 
buted to the optical effect of their position relatiye to the spectator; 
for it is evident that two stars will appear contiguous if they are placed 
nearly in the same line of vision, although their real distance may be 
immediately great. There are, however, many instances in wnich 
the angle of position of the two stars varies in such a manner as to 
indicate a motion of revolution about a common centre ; and in this 
case the two stars form a binary system, performing to each other the 
office of planet and sun. Motions have been detected that are so rapid 
as to become measurable within very short periods of Time ; and at cer- 
tain epochs the satellite or feebler star has been observed to disappear, 
either on passing behind or before its primary, or by approaching so 
near to it that its light has been absorbed by that of the other. 

The number of double stars, including both those which are 
physically, and those whieh are optically double, has been estimated 
at about 6,000. It would be very difficult to say with certainty how 
many of these, though appearing to the eye as if close togeth^, may 
stand in an immediate relation of attraction to each other, forming 
systems of their own, and revolving in closed orbits, or, in other words, 
how many of the so-called are physical double-stara. Our out repie- 
sents the position assumed by two stars in Castor at several suoeessive 
periods. 

17 fd. /T79. $901, 
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How wondrous are the revelations whiph astronomy unfolds, may 
jbe gathered from the fact tiiat, when we tiius speak of Unary 
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•yvtemt, and allude to it as one of ordinary interest, we are in truth, 
recording the astounding fact, that " tuna revolve around tune, and 
eyeteme around eytteme,** — that, yast as are the planetary systems in 
idl their proportions, yet that these are but as a tiny speck in the 
great universe of Ood, and sustain relations to one another so simple 
and yet so gigantic that they may be expressed in a sentence, but 
which our mightiest arithmetic and most comprehensive imaginings 
cannot fully explain. It is a wonderful thought, that a globe as large as 
those in our own solar system should revolve around the central orb 
at the rate of many thousand miles an hour ; but how overpowering 
is the conception of a sun, encircled with a retinue of vast planets, 
satellites, and comets, each in rapid motion, sweeping through the 
universe at a speed with wtiich those of our planetary system will not 
bear comparison ! 

In illus' ration of this statement, we may briefly revert to some of 
the facts of the case, when we coiuidcr the distances of the stars or 
tuns from one another. These have not, indeed, been so clearly and 
definitely ascertained as would be desired ; and some consider that 
these binary stars are much further from one another than 
they are estimated by others. Their distance, however, must be 
very great, notwithstanding their apparent nearness to one another, 
M a few seconds of interval, at the distance of the nearest star, 
must comprise an immense space. Dr. Dick supposes this distance 
in the case of some of these bodies to be only the one-hundredth part 
•f what is reckoned the distance (namely, twenty billionR) of the 
nearest star. On this assumption, the distance of the revolving star 
from its primary would be 200,000,000,000, and the circumference 
•f its orbit would consequently be 1,256,640,000,000 of miles. Now, 
the small star of 6 Eridani, as computed by Mr. Dunlop, revolves 
sound the larger at the rate of somewhat more than ten and a half 
dlegrees per annum, and consequently accomplishes a revolution in 
titue more than thirty years : hence its motion, at the distance 
supposed, would be equal to 4,700,000 miles an hour, which is 
forty-four times the velocity of Mercury, and 162 times that of 
fupiter. But if we were to assume the other estimate, and suppose 
^at those bodies are as far distant from each other as we are irom 
:he nearest star, then the speed of motion of 6 Eridani would be 
177,800,000 miles an hour, and 132,735 in a second, which is more 
i:han sixteen thousand times the velocity of Jupiter. In these con- 
siderations, we must also regard the enormous size o( the bodies thus 
impelled, for the least of these suns must be estimated at ten millions 
of times larger than our planet Mercury, though, on the lowest 
estimate, it moves with a velocity so much superior. 

But we must further look from these stars as such, and regard them 
as centres of systems, for they must be suns and shine by ^ir self- 
luminons power, or their light would never reach us. And if we may 
draw any conclusion from the clearest and broadest analogies of 
nature, we cannot regard these suns as merely intended to shed a 
useless splendour over infinite wastes of nothingness, but must believe 
that they are attended bv a retinue of planetary bodies, to which 
they sustain a relation similar to that fulnlled by the centr&l orb of 
yax own system. 
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la the more miitute investigHtion of the heavem wliicli utronomeM 
hate oondocted, it hu been diBcovered that, not onl; are there binuj 
mtunu of lUn, but that treble, quadruple, and multiple oombino- 
taoiuexi*t; uid it hu been Burmiaed that alinostallthe close groups, 
or duatering itais, either Tuible to the naked eye or dea^ied bj 
telescopes, ore multiple a jatema, linked together by indmnte relaiiona, 
though theee maj not be discoverable to ua, or the luiowledge of 
vhich, on the other hand, may be the reward of the persererijig 
sorutinyof aucceediDgasea. The obaervatioiu that have been already 
made, iia?e been inauffioient to explain, the particular motions or 
anangementa of auch oomplez Byalema. The eceontponjiog cut 
lepreMUt* tpccilliens of ternary syatenu. 




Though we are acenatomed to speak of the fixed stars as under- 
going no visible change whatever, yet they present to ua various 
phenomena which must not paas unnoticed. Thua, thero ore several 
which ari not diatingniahed by any obvioui peculiarities of appear- 
ance, yet which undergo a periodical incresM and diminqtioit ol 
luflire, involving even complete extinction and rerival. These sre 
called ptriodical stars ; and here an analogy is furnished between the 
dynamical laws which prevail in the remote regions of the staia and 
those which govern the moliona of our own aystem, for whenever wa 
trace the law of periodicity the idea of rotatory or orbitual motion ia 
strongly presented to the mind. One of the most remarkable stars of 
this kind is Omicron, in the constellation of Cetua, or the Whale, 
which has a period of about 33^ days. It remaios at its greatest 
brightness for about a fortnight, being then a star of about the seoond 
magnitude ; its light then bepins to wane, and at the end of thret 
months becomes for a time invisible to the naked eye. ATtntiiar oJF 
the most interesting of these stars in regard to the shortness of itl 
period, is that called Algol. It appears as a Blai of the lecond mag- 
nltude, and retaina this size for about two days and fourteen houra \ 
it then suddenly diminishes in brilliancy, and m three hours and a half 
it is reduced to the sise of a atar of the fourth magnitude. It very 
soon begins again to increase, and in about three houra asd a half 
more regaiua its accnsComed splendour. The cause of this variation 
was ailppoaed by its discoverer, Ur. Goodricke, to be the revolutuM 
around ft of some opaque body which cut* off from us a poition of 
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There is, howerer, thii objection to the eappotition of Mr. Oood- 
ricke, that it requires that a magnitude ihould be assigned to the 
reTohring body in relation to that which must bo regarded as its 
pTimary, which is out of all proportion to that which we are led to 
oeUeve belongs to dependent orbs. The subservient bodies in our 
own system are immensel j inferior to their primary, the Sun ; and 
owing to this, the transit of the mighty globe of Jupiter across the 
Sun's disc would produce no perceptible ^ect to a distant observer 
of our part of the universe. 

In regarding these subjects we must make every reasonable analo* 
gical use of the knowlcMlge we possess of the solar system ; and 
Uiough it may appear a gratuitous assumption to conceive tiie solar 
system to be a mmiature of others, yet we are left in such questions 
to reason from that which is known to that which is not known. 
Hence the most probable hypothesis that has been advanced to 
account for these phenomena is that of axical rotation. It is believed 
that the yariable stars have some parts of their surface less luminous 
than others, which in their rotation, produce the periodicid decay and 
disappearance of their light which are observed. Analogies of 
Tarious kinds favour the assumption. Itotation upon an axis S a law 
to which every orb is subject with which we are sufficiently acquainted, 
and the greatest uniformity characterises the observance of this law. 
If one of the hemispheres of a rotating body should be less luminous 
than the other, poriods of yivacity, decay, obscurity, and revival 
would be exhibited, of the nature which is found to exist. Now it is 
beliered by those on whom most of dependence may be relied, that 
besides the Sun having yariable spots upon his disc which have 
sometimes impaired the lustre of the orb, the illuminating power 
of his two hemispheres is imequal, one being much fainter ttuui the 
other. And Herschel remarks : ** Dark spots, or large portions of 
the surface less luminous than the rest, turned alternately in certain 
directions, either towards or from us, will account for all the 
phenomena of periodical changes in the lustre of the stars so satis- 
xaetorily, that we certainly need not look out for any other cause." 

Maupertius supposed that the figure of the stars was not globular 
but flat, and that the variations of the brilliancy depended on the 
anjrie made by the flat sides with the visual ray. 

The observation of these irregularities prepares us for other pheno- 
mena of stellar variation, the laws in relation to which are at present 
unknown. On exunining ancient catalogues it is found that some 
starsy formerly distinguished bv their splendour, have entirely disap- 
peared, and are nowhere to be foimd. There have been seen at 
difierent times new stars which have shone forth with extraordinary 
brilliancy, and after a longer or shorter period have gradually died 
away, and become extinct. A temporary iiar, as it is designated, of 
this kmd suddenly appeared in the year 126 b.o., which was visible 
in the day-time, and is said to have led Ilinparchus to undertake the 
formation of his catalogue. Another blaaed forth in a.d. 389, 
remaUning for three weelui as bright as VenuSy and then disi^>pearing 
altogether. In the years 945, 1264, 1572, similar appearances were 
presented in a particular portion of the heavens, and from the ap- 
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proximation of the intervaU between the first and second, and second 
and third of these* together with the coincidence in the place they 
occupied, has led to the opinion that they are one and the same star. 
rhe yividness with which they appear is illustrated in the case of one 
which was seen by the Danish astronomer, Tycho Brahe. It was 
when residing witii his imcle, Steno Bille, in the old and pleasantly- 
situated monastery of Herri tz wad t, and raising his eyes to the heayens, 
he observed with indescribable astonishment, near the zenith, in 
Cassiopeia, a radiant fixed star, of a magnitude never before 
seen. In his amazement, he assures us, he doubted the evidence of 
his senses ; and in order to convince himself that it was no illusion, 
and to have the testimony of others, he summoned his assistants from 
his chemical laboratory, and inquired of them, and of all the country 
people that passed by, if they also observed the star which had thus 
suddenly burst forth. He subsequently learned that, in Germany, 
waggoners and other country people first called the attention of astro- 
nomers to this great phenomenon in the heavens. 

This star, which had neither tail nor nebula, was perfectly like 
all other fixed stars, with the exception that it scintillated more 
strongly than stars of the first magnitude. Its brightness was 
greater than that of Sirius or Jupiter, and those gifted with keen 
sight could discern it in the day time, and even at noon, if the 
sky were clear. At night, when the sky was overcast, so that all 
other stars were hidden, it was often visible through the clouds, if 
they were not very dense. Its brightness gradually diminished, and 
at the end of seventeen months it disappeared. The telescope was 
not invented till thirty-seven years afterwards. Various other well- 
attested illustrations of the temporary appearance of stars might be 
furnished, and also of stars set down in the catalogues, but which 
cannot now be found. 

To ike colour of the stars we have briefly to direct the attention of 
our readers. That there was a difference in the colour of the proper 
light of the fixed stars, as well as in the reflected light of the 
planets, was recognised at a very early period ; but our knowledge 
of this phenomenon has been greatly extended by the aid of tele- 
scopic vision, and more especially of late. Thus, Sirius was cele- 
brated among the ancients as a red star, though it is now brilliantly 
white. The Greeks were acquainted with red stars only, while 
modem science has discovered, by the aid of the telescope, idmost all. 
the graduations of the prismatic spectrum between the extremes of re- 
frangibllity of the red and the violet ray. Plotemy enumerates, in his 
catalogue of the fixed stars, six fiery red ones, and Cleomedes even 
compares Antares, in Scorpio, with the glowing hue of Mars,* Pollux 
is still indicated as a red, and Castor as a greenish star. 

That stars shine with different colours is apparent to the naked eye. 
Among those of the first magnitude, for instance, Sirius, Vega, 
Altair, Spica, are white ; Aldebaran. Arcturus, Betelgreuz, red ; 
Capella and Procyon, yellow. The telescope reveals with equal 
clearness the difference in lesser stars ; and in countries where the 
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tttmospliere is Iobs humid and liaiy than oar own, it is more dii- 
tiiusUy manifested. Thu«, in Sjrria one star shines like an emerald, 
anoUier as a ruby, and the heavens appear studded with Tarious gems. 

In one case we haye a beautiful combination of a large white star, 
and a small one of a rich ruddy purple. Insulated stars of a red 
ooloiur, and almost as deep as that of blood, occur in many parts of 
the heaTcns, but none of a decided green or blue hue has, says Sir J. 
Hiersehel, erer been noticed unassociated with a companion brighter 
than itself. 

To produce the changes which have thus occurred, it is considered 
that a great physical revolution must have taken place at the Burfaoe» 
or in what is called the photosphere of Sirius. it is the opinion of 
Sir John Herschel, however, that it is much more Vikeij to be the 
efEBCt of a medium interfered, than that, in the short space of 2,000 
year% so vast a body should have actually experienced so great a 
transformation of its physical constitution ; or it may have arisen 
from some kind of cosmical cloudiness, subject to internal movements, 
and depend on causes of which we are igjiorant.* 

Sir JTohn Herschel has given a list of sixty-six small ruby- coloured 
stars, of the seventh to the ninth magnitude, some of which appear in 
the telescope like drops of blood, f 

A diversity of colours is equally shown by the double stare, and 
their association is very remarkable, for Struve relates that in more 
than a hundred binary systems, th^ two stars exhibited the eomple- 
menimy colours, the colour of the one constituent belonging to the 
red or least refrangible end of the spectrum, and that of the other 
belonging to the violet or most refrangible extremity. Some have 
suggested that this appearance is but an optical delusion, arising from 
the well-ascertained law, that when the eye has looked for a time on 
one bright light, it is inclined to clothe any smaller light near it with 
the opposite or complementary colour, for the sake of relief. But 
such a position is incompatible with several of the facts of the case, 
and cannot be accepted as the true solution of the problem. 

Among the double atari, there are man}^ in which the principal one 
is white, and the companion blue, while in others both stars nave a 
blue Ught. Occasionally more than a hundred variously-coloured, 
red, green, blue, and bluish-green stars, are so closely thronged 
together that they appear, in a powerful telescope, ** like a superb 
piece of fimcy jewellery." t 

The phenomena of change thus presented furnish an abundant field 
in which speculation may expatiate. Are these stars, it may be asked, 
worlds whidi, having accomplished one cycle of their existence, have 
had their physical structure dissolved by fire, perhaps to be remodelled? 
Are they bodies which have been hidden from the gase of the world 
by their remoteness, till lighted up by some terrific combustion into 
transient visibility ? Or are they subject to some fearful periodical 

* Hnmboldt*8 Goniios. — Sir John Henchel in Edinburgh JRevien. 

f OlMervationi at the Cape, by Sir J. Henohel. 

% ObtervaHone €d the Cape, 
H 
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translation from the depths of infinite space, to a position iHiich 
brings them within the bounds of our vision ? Their sudden and 
brilliant burst, it has been declared, from the dark and distant void, 
arises from a tremendous yelocity ; and their evanescent stay within 
o\ir view, mav be caused b^ one of the narrow extremities of an orbit 
immensely elupticad lying m the direction of our system. Or, again, 
shaU we accept the opinion that traces these changes to alterations 
in the constitution of Uxe individual stars ; an idea which is believed 
to be confirmed by the fact, that many stars, whose places have been 
accurately noted in the catalogues, have altogether disappeared } We 
leave these suggestions to the judgment of our readers, and leave 
open the great departments of observation and analogy to gain a 
clearer apprehension therefrom of the mightv principle which may 
yet have to be revealed to explain these wondrous masteries. 

A question which has attracted considerable attention and discus* 
sion among astronomers in connection with naturcd as well as tele- 
scopic vision, is the nocturnal aciniUlaiion of the start. In examining 
the subject, Arago directs attention to two points : first, change in 
the intensity of the light, from a sudden decrease to perfect extinction 
and rekindling ; and secondly, change of colour. Both these altera- 
tions are more intense in reality than they appear to the naked eye ; 
for when the several points of the retina are once excited, they retain 
the impression of light which they have received, so that the disap- 
pearance, obscuration, and change of colour, in a star, are ilbt perceived 
by us to their full extent. The scintillation is more strikingly mani- 
fested in the telescope when the instrument is shaken, for ^en dif- 
ferent points of the retina are successivdy excited, and coloured and 
frequently-interrupted rings are seen. The principle of interference 
explains how the momentary-coloured effulgence of a star may be 
followed by its equally-instantaneous disappearance or pudden 
obscuration, in an atmosphere composed of ever-changing strata of 
different temperatures, moisture, and density. 

Hence, Arago believes that scintillation must be referred to the 
phenomenon of luminom interferences. The rays emanating from the 
stars, after traversing an atmosphere composed of strata, having 
different degrees of heat, density, and humicuty, combine in the focus 
of a lens, where they form images perpetually changing in intensity 
and colour — that is to say, the images presented by the scintillation. 
There is another form of scintillation, independent of the focus of the 
telescope. The explanations of this jmenomenon advanced by 
Galileo, Scaliger, Kepler, Descartes, Hooke, Huygens, Newton, and 
John Mitchell, which he examined in a memoir,* in 1840, are, he 
believes, inadmissible. Thomas Young, to whom we owe the dis- 
covery of the first laws of interference, regarded scintillation as an 
inexplicable phenomenon. The erroneouaness of the ancient view 
which supposes that vapours ascend and displace one anothar, is 
sufficiently proved by the circumstftE^ce that we see scintillations 
with the naked eye, which pre-supposes a displacement of a minute.-^ 

* Ck>mpte8 Bendtts., t. x., p. 88. 
t Extracts from Arago's MSS. of 1847. 
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. The inteiiBity of scintillationB varies considerably in the different 
fixed stars, and does not seem to depend solely on their altitude and 
apparent magnitude ; but also on the nature of their own light, 
vega, for instance, flickers less than Aroturus and Procyon, and it is 
thus in other cases. The absence of scintillation in planets with 
larger discs, is ascribed by Humboldt to compensation, and to the 
neutralising mixture of colours proceeding from different points of 
the disc. In the serene cold winter nights of the temperate zone, the 
scintillation increases the magnificent impression produced by the 
starry heavens, and the more so, from the circumstance that, seeing 
stars of the sixth and seventh magnitude flickering in various direc- 
tions, we are led to imagine that we perceive more luminous points 
than the unaided eye is actually capable of distinguishing. Mence 
the popular surprise at the few thousand stars which accurate cata- 
logues indicate as visible to the naked eye. It was known in ancient 
times by the Greek astronomers, that the fixed stars were distin- 
guished £rom the planets by the flickering of their light ; but Aris- 
totle, agreeably with the theory of vision which he adopted, 
ascribes the scintillation of the fixed stars merely to the straming 
of the eye. ** The rivetted stars," (the fixed stars) he says, ** sparkle, 
but not the planets ; for the latter are so near, that the eye is able to 
reach them; but in looking at the fixed stars, the eye acquires a 
tremulous motion, owing to the distance and the effort. '* 

The more equal mixture of the atmospheric strata in and near the 
tropics, and the faintness or total absence of scintillation of the fixed 
stars when they have risen twelve or fifteen degrees above the horizon, 
give a peculiar mild effulgence and repose to the heayens. These 
characteristics especially attracted the attention and admiration of 
Humboldt, who has carefully noted in his journals the height above 
the horizon at which the scintillation of the stars ceased in different 
hygrometric conditions. Cumana and the rainless po];tion of the 
Peruvian coasts of the Pacific, before the season of the mists set in, 
were peculiarly adapted to such observations ; and he found that on an 
average the fixed stars appeared only to scintillate when less than ten 
or twelve degrees above the horizon. At greater elevations they shed 
a mild, planetary li^ht, and the observations seemed to give conclusive 
evidence that the scmtillation depended on the condition of the atmo- 
sphere. Humboldt further mentions that he had observed during 
several successiye years, that in regions where the scintillation of the 
fixed stars is of rare occurrence, the approach of the rainy season is 
annqunced many days beforehand, by a flickering light of the stars, 
at great altitudes above the horizon.f Garcin also informs us that in 
Arabia. and elsewhere, where the air is perfectly serene throughout 
nearly the whole of the year, and where spring, summer, and autumn 
paas without exhibiting a trace of dew, it is impossible to describe the 
pleasure experienced in contemplating the beauty of the sky and the 
brightnese of the stars. Their light is surpassingly pure, steady, and 
briUiaDt, and ** it is only in the middle of the wmter that a slight 
degree of scintillation is observed." } 

* Hnmboldt's Cosmos. Aiistot. de Coelo. 

t Hamtwldt's Co»moB. t Hist de I'Acad. des Sc. 1743. 

H 2 
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It is here not unworthy of remark that a distinction has been insti- 
tuted between groups and clusters of stars. Sir W. Herschel de- 
iBnes a group to be a collection of stars closely and almost equally 
compressed, and of any figure or outline ; while clusters havo a more 
beautiful and seemingly artificial arrangement. The form of the 
latter is generally round, and their condensation is such as to produce 
a mottled lustre towards the centre, somewhat resembling a nucleus. 
Clusters of this kind may be seen in considerable numbers with the 
naked eye, while with powerful telescopes they are perceived to exist 
entirely of stars crowded together so as to occupy almost a definite 
ouUine, and as Sir JT. Herschel informs us, ** to run up to a blaze of 
li«ht in the centre," where their condensation is usually the greatest. 
Many of them are of a rounded figure, and convey the idea of a 
globular space filled full of stars, insulated in the heavens, and 
appearing as if constituting a family or society apart from the rest, 
and subject to its own internal laws. To count the stars in one of 
these globular clusters would be impossible. •* They are not to be 
reckoned by hundreds ; and on a rough calculation, grounded on the 
apparent intervals between them at the borders (where they are seen 
not projected on each other) and the angular diameter of the whole 
group, it would appear that many clusters of this description must 
contain at least ten or twenty thousand stars, compacted and wedged 
together in a round space, whose angular diameter does not exceed 
eight or ten minutes — that is to say, in an area not more than a tenth 
part of that covered by the Moon." Well may we, in the contem- 
plation of wonders such as these, exclaim, ** Great and marvellous 
are thy works. Lord God Almighty !" 

The number assigned by recent observation to double, tenary 
quadruple, and multiple S3'Stems — that is, of suns revolving around a 
common centre of motion in almost every possible modification of 
relationship which secondaries can bear to their primaries, or to each 
other, is altogether amazing. Sir William Herschel, half a century 
ago, reckoned them at five hundred. Struve has added four times 
that number ; and other observers have extended the catalogue still 
further, *• without exhausting the fertility of the heavens." 

Within the last few years an hypothesis has been advanced con- 
cerning the possibility of the existence of a central sun, which must 
not pass unnoticed. The investigations have been prosecuted more 
particularly by M. Maedler, of the observatory of Borpat. The 
mighty extent of the range of influence exercised by the law of 
gravitation, suggested the high probability that in the assemblage of 
stars with which our system is connected, there is a centre of gravity 
around which they revolve. In the solar system such a principle is 
found to exist — why should it not exist over the broadest limit of 
the universe, and why should there not be some point or centre 
around which every cluster and nebula may revolve } 

In order, if possible, to establish this theory by the facts of the 
universe, Ma/edler carried out his observations of the heavenly bodies 
with great perseverance and ingenuity, and was induced to direct 
special attention to the constellation Taurus, and particularly to the 
star Aldebaran, which seemed to have the nearest approximation to 
the eandjtioBB required. Firther investigation, however, ^owed 
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duit the position and movements of this star failed in some essential 
respects, to answer the required requisitions. He subsequently as- 
certained that the star Alcyone in the group of the Pleiades occupied 
die desired point. He discovered fourteen conspicuous stars, besides 
many that were smaller, around this central one, aad when the 
proper motions of all these were determined, they were found to be 
in toe same direction, and all i^arly equal to each other. Within 
fifteen degrees of this centre there are also sixty stars moving south, 
or in accordance with the hypothesis that Alcyone is the centre ; 
forty-nine exhibiting no well defined motion, and only one which 
appears to move contrary to the computed direction. Assuming that 
Alcyone to be the grand centre of our astral system, and the direction 
of the Sun's motion as determined by Argelander and Struve, he in- 
Testigated the consequent movements of all the stars in every quarter 
of the heavens. Just where the swiftest motions could be found, 
there they actually exist, either, as Dr. Dick justly remarks, demon- 
strating the truth of the theory, or exhibiting the most remarkable 
ooincidences.* 

The result of the researches of Maedler led him to the conclusion 
that Alcyone, the principal star in the group of the Pleiades, occupies 
the centre of gravity, and that around it the universe uf stars com- 
posing our astral system all revolve. The distance of this star is 
estimated to be so immense, that the light proceeding from it would 
require a period of 527 years to traverse the mighty interval which 
separates it from the Sun ; and if reliance may he had on the angular 
motion of the Sun, as determined at the end of 18,200,000 years, this 
great luminary, with all its attendant planets, satellites, and comets, 
will have completed one revolution round the centre. 

It must not, too, be unobserved, that though the investigations of 
M. Maedler, and the conclusions at which he has arrived, are regarded 
by Sir John Herschel as premature, yet he admits that they ousht 
by no means to be discouraged as forerunners of something more de- 
cisiye. The question, as a matter of fact, whether the rotation of 
the galaxy in its own plane exist or not, might be at once resolved by 
assiduous observation of some of the stars of the milky way, and it is 
regarded as a matter of special importance that the attention of 
directors of permanent observatories in both hemispheres should be 
turned to tlus inquiry. Sir John Herschel considers that th irty or 
forty years of observation perseveringly directed to the object in view, 
could not fail to settle the question. 

^ Some interesting inquiries may here be referred to in reference to 
tne translation in space of the whole solar system. In the great treatise 
of Bradleyi published in 1748, we meet with some hints on this subject, 
and in a certain sense with suggestions for the most desirable mode of 
observing it. " For if our own solar system be conceived to change 
its place with respect to absolute space, this might, in process of time, 
occasion an apparent change in the angular distances of the fixed 

• It may be mentioned, by the way, that it was in reference to the supposition 
of there being a central orb around which the other Htars thus revolved, that a 
wag remarked—** What I our Sun's sun ? that must be a grand-sun !" 
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Stars ; and in such a case the places of the nearest stars being more 
affected than of those that are very remote, their relative positions 
might seem to alter, though the stars themselves were really 
immovable. And on the other hand, if our own system be at rest, 
and any of the stars really in motion, this might likewise vary their 
apparent positions, and the more so the nearer they are to us, or the 
swifter their motions are, or the more proper the direction of the 
motion is, to be rendered perceptible by us. Since, then, the relative 
places of the stars may be changed from such a variety of causes, 
considering that amazing distance at which it is certain some of them 
are placed, it may require the observations of many ages to determine 
the laws of the apparent changes even of a single star ; much more 
difficult, therefore, it must be, to settle the laws relating to all the 
most remarkable stars." 

After the time of Bradley, reference was made to the subject by se- 
veral writers, but William Herschel was the first to verify the conjecture 
by actual observations.* He ascertained that our solar system moves 
towards a point near to the constellation Hercules ; and his discoveries 
have been since confirmed by subsequent and more accurate inquiries, 
in both the northern and southern hemispheres. Thus the progressive 
motion of our solar system may be .considered as determined wiihin 
certain limits, and from it the question naturally follows — ** Is the world 
of the fixed stars* composed merely of a number of neighbouring 
partial systems divided Into groups, or must we assume the existence 
of an universal relation, a rotation of all self-luminous celestial bodies 
(suns) around one common centre of gravity, which is either filled 
with matter or void V* But here we enter on a domain on which it 
is impossible to expatiate -with anv degree of certainty, owing to the 
incompleteness of the materials oi observation and analogy which are 
at present in the possession of astronomers. 
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THE 5EBULAB HYPOTHESIS. 

A p pe aranc e t:^ the Nebalc— Speettlatkmi of Sir Willltm Ilenehel^Theoiy of 
Laplace— Suppoted Uiittory of the Conntitotlon at the Holar Sjmtem — 
Expefimental Illuttration at Trafetfor Plateaa — Viewa at the Aathor of 
** The Veatigee (jf the Xatural History of Creation" — ClaMification of 
KcbolA— Dcnible Nebul«— Cooflicting Argumenta in Referenoe to the 
Kebnlar Hypotbeaif — Opinioni of Ker. T. Milner, Profeaaor Nichol, and 
Dr. Pye Smith. 

Iir obferring the remotest regions of sidereal space, it is found that 
tliere are multitudes of masses of cloudy- light, of irregular but per- 
manent forms. Bome are like flaky streaks, or wisps ot cloud, 
adhering to small stars ; others are of round or oval shape, increasing 
jnore or less in density or brightness toward the central point, thus 
offering the singularly beautiful and strikins; phenomenon of a sharp 
and brilliant star, surrounded by a perfectly circular disc, or atmo- 
sphere. Others, again, which are more rare, are annular, exhibiting 
in the central opening a faint, hazy light ; and lastly, there are those 
havinff exactly the appearance of planets, with round or slightly 
oral cuscs — in some cases sharply terminated, in others a little hazy 
at the borders, and of a light exactly equable, or only a ycry little 
mottled, which in some of them approaches in viridncss to that of 
actual planets. 

The existence ot these nebulse, as they are called, has long been 
known to all who observed the heavens, for several nebuls are visible 
to the naked eve, not to mention the vast expansion of nebulous light 
called the milky way. They were generally regarded as phospho- 
rescent or self-luminous, disseminated through vast regions of space 
in the manner of a cloud or fog. Sir William Herschel, of whom it 
\^ been said, that he was the greatest of all discoverers in the remote 
regions of the sky, and who saw further into the heavens than any 
one before him, was enabled to determine the figure, position, and 
other external conditions of a great multitude of^ nebulse; and the 
younger Ilerschcl carried his reflectors to the southern hemisphere, 
and after several rears of labour in this new field, swept over the 
whole surface ox the sky, and pierced all the remoter regions of 
sidereal space. 

Though the nebulas hare a filmy and cloud-like appearance when 
examined by the naked ere, or by telescopes of low capacity, when 
tested by more powerful instrumeiits, many of them are resolved into 
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a multitude of luminous points, which have been compared to 
** spangles of diamond^dust." And while some of the nebulae ere 
shown to be only astral systems, others have resisted the most search- 
ing inyestigation which science can bring to bear upon Uiem ; and not 
omy do they seem to haye retained their nebulous condition, but 
they present forms apparently derived from a rotation about a fixed 
axis, and centres of bright illumination that seem to indicate a grada- 
tion of characters, as if they were in various states of condensation. 
These and many other remarkable phenomena which presented them- 
selves on the examination of these wonders of the heavens, suggested 
a speculation to the mind of Sir William Herschel, to which we have 
now to. invite the attention of our readers. It occurred to him, from 
certain peculiarities of some of the unresolved nebule, that many of 
them are not remote galaxies, but accumulations of a shining fluid 
akin to the cometic, and probably located amid the interstellar inter- 
vals of our own heavens. The instruments with which his observa- 
tions were conducted presented the clusters which have been called 
nebulous stars, like stars enveloped in circular halos; pure and 
definite luminaries, surrounded by a cloudy or cometic envelope. 
The bright point, too, always occupied the centre of the halo. To 
explain the appearances thus presented — ^to ascertain the physicid 
relations which existed between star and halo — was no unworthy 
attempt. " Now,'' said Herschel, " if the nebulosity consists of stars 
that are very remote, which appear nebulous because of the small 
angles their mutual cUstances subtend to the eye, whereby they will 
not only, as it were, run into one another, but also appear extremely 
faint and diluted, then what must be the enormous size of the cen- 
tral point, which outshines all the rest in so superlative a degree as 
to admit of no comparison ! And if the star be no larger tha^ com- 
mon, how very small and compressed must be those other luminous 
points that are the occasion of the nebulosity which surrounds the 
central one ! As, by the former supposition, the luminous central 
point must far exceed the standard of what we call a star, so, in the 
latter, the shining matter about the centre will be much too small to 
come under the same denomination; we therefore either havetiie 
central body, which is not a star, or a star involved in a shining fluid 
of a nature totally unknown to us." He therefore adopted the latter 
view, as approaching far nearer to the probabilities of the case. 

Without any knowledge of these speculations, Laplace started 
a hypothesis of his own, founded on various features of the constitu- 
tion of the solar system. When he afterwards became acquainted 
with Herschers views he regarded them as in harmony with Ris 
own. ** He showed that, if a luminous matter, such as had been 
described by Herschel, existed, and if nuclei were established in them, 
those might become centres of aggregation for the neighbouring 
diffused matter ; on such centres a rotatory motion would be esta- 
blished, wherever, as was the most likely case, there was any obliquity 
in the lines of direction in which the opposing currents met each 
other : this motion would increase as the agglomeration proceeded : 
at certain intervals, the centrifugal force acting in the exterior of the 
rotating mass, would overcome the agglomerating force, and a series 
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of rings would thus be left apart, each posaewing the motion proper to 
itself at the crisis of separation These, again, could only continue 
in their annular form, if uniform in constitution. There being many 
ehances against this, they would probably break up, and be agglome- 
rated into either one or several masses, which would then become re- 
presentatives of the primary mass, and perhaps give rise to a similar 
progeny of inferior masses. The result would oe planets and satellites ; 
each having an orbitual speed corresponding with that of the zone 
oonstitutiiig it ; each obtaining a rotatory motion from the excess of 
speed observed by the outer over the inner portion of the zone."* A 1 
this Laplace found to be corroborated by the conditions of the solar 
STstem, and showed them to be possible under the physical laws of 
tne universe. 

Laplace conceived that, in its primitive state, the Sun consisted of 
a difnxsed luminosity, so as to resemble those nebulae among the fixed 
stars which are seen by the aid of the telescope, cmd which exhibit a 
nucleus, more or less brilliant, surrounded by a cloudy brightness. 
This anterior state is again preceded by other states, in which the ne- 
bulous matter was more and more diffuse, the nucleus being less and 
less so, till we arrive at a nebulosity so diffuse, that its existence 
could scarcely be suspected. 

This, says Laplacp, was the first state of the nebulae which 
Herschel carefully observed by means of his telescopes. He traced 
the progress of condensation, not, indeed, on one nebulae, for its pro- 
gress can only become perceptible to us in the course of centuries ; 
but in the assemblage of nebulae ; much in the same manner as in a 
kurge forest we trace the growth of trees among the examples of 
different ages which stand side by side. He saw, in the first plabe, 
the nebulous matter dispersed in patches in the different parts of the 
sky. He observed in some of these patches this matter feebly con- 
densed round one or more faint nuclei. In other nebulae, these nuclei 
were brighter in proportion to the surrounding nebulosity ; when by a 
further condensation the atmosphere of each nucleus becomes separate 
from the others, the result is multiple nebulous stars, formed by 
brilliant nuclei very near each other, and each sun ounded by an 
atmosphere : sometimes the nebulous matter condensing in a uniform 
manner he believed to have produced nebulous s}S'enis which are 
ccdled planetary. Finally, a still greater degree of condensation 
transforms all these nebulous systems into stars. The nebulae, classed 
according to this philosophical view, indicate, he thinks, their future 
transformation into stars, and the anterior nebulous condition of the 
stars which now exist. 

The process of formation, on this hypothesis, as applied to the Sun, 
was as follows : — 

Laplace conjectured that in the original condition of the solar 
system, the Sun revolved upon its axis, surrounded by an atmo- 
sphere, which in virtue of an excessive heat, extended far beyond the 
orbits of all the planets, the planets as yet having no existence. The 
heat gradually aiminished, and as the solar atmosphere contracted 

• YestUces of the Natural History of Creation. 
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by cooling, the rapidity of its rotation increased by the laws of 
rotatory motion, and an exterior zone of ^'apour was detaehed from 
the rest, the central attraction being no longer able to overcome the 
increased centrifugal force. The sose of vapour might in some canes 
retain its form, as we still see in Saturn's ring ; but more usually the 
ring of yapour would break into several masses, and these would 
generally coalesce into one mass, which would revolve about the Sun. 
Such portions of the solar atmosphere, abandoned successively at 
different distances, would form planets in the state of vapour. These 
masses of vapour, it appears from mechanical laws, would have each 
its rotatory motion, and as the cooling of the vapour still went on, 
would eacn produce a planet that might have satellites and rings 
formed from the planet, in the same manner as the planets were 
formed from the atmosphere of the Sun. 

The orbit of any satellite is also to be regarded as marking the 
bounds of the mass of the primary at the time when that satel- 
lite was thrown off; its speed likewise denotes the rapidity of the 
rotatory motion of the primary at that particular juncture. Thus 
the outermost of Jupiter's satellites revolves round his body at the 
distance of 1,180,582 miles ; hence, according to his theory, the 
planet was once about 3,675,501 miles in circumference, instead of 
being, as now, only 89,170 miles in diameter. The innermost satel- 
lite would be formed when the planet was reduced to a circum^- 
rence of 309,075 miles, and rotated in about forty-two hours and a 
half. 

The theory of Laplace only comes to the point at which it is 
assumed that the constituents of one system have had a common 
origin, in a soft and diffused form of matter. Support has been sought 
to this theory in various directions, and especially in the existence of 
the many binary and ternary solar systems. It has been supposed 
that at a certain point in the confluence of the matter of these regions 
of space the solar nuclei would become involved in a common revo- 
lutionary motion, linked inextricably with each other, though it 
might be at sufficient distances to allow of each body having after- 
wards its attendant planets. Such a phenomenon is occasionally 
realised to us on the [surface of a river flowing swiftly between irre- 
gular banks. Here we not only see single dimples rotating and 
passing onward — results of the obliquity in the meeting of currents 
— but often two or more of these dynamic microcosms will come 
within a range of mutual influence, and go on wheeling round each 
other. These fantastic eddies have been thought to form an illus- 
tration of the mechanism of binary and ternary stars ; but if the 
conditions of their existence were examined it would be found that 
the resemblance was far more apparent than real. 

^ An interesting experimental illustration of this cosmogony has been 
given by Professor Plateau, of Ghent. He put a mixture of water 
and alcohol into a glass box, and added thereto a small quantity of 
olive-oil, of density equal to the mixture, and he thus obtained in the 
latter a liquid mass, relieved from the operation of gravity, and free 
to take any forms which forces might give to it. The oil, in virtue of 
the law of molecular attraction, immediately assumed a globular 
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shape. A ycrtical axis being introduced throuj^h the box, with a 
small disc upon it, the oil- sphere is set in rotation. Presently it is 
fuand that the sphere flattens at its poles, and swells out at its equa- 
tor — precisely analogous to the form which the planets assume. 
Quickening the rotation, the figure becomes more oblately sphe- 
roidal. When it becomes so quick as two or three turns in a second, 
the liquid sphere first takes rapidly its maximum of fldttening, then 
becomes hollow above and below, around the axis of rotation, stretch- 
ing out continually in a horisontal direction, and finally, abandoning 
the disc, is transformed into a perfectly regular ring. The only observ- 
able difference between this ring and mat of Saturn is that it is 
rounded, instead of being flattened, the supposed reason for which 
is given by M. Plateau.* 

The principal phenomenon of our system, which is corroborative of 
the system of Laplace — and which, perhaps, suggested it — is this ring 
of Saturn. Mr. Monck Mason f has, however, made an observation 
whifh is worthy of notice, that the excessively small and uniform 
thickness of this vast expan»ion of matter (estimated at only a hun- 
dred miles, with an extreme diameter of nearly 200,000) indicates a 
degree of oblatencss quite inconceivable under the circumstances, the 
planet whose centrifugal force is considered to have generated it being 
almost spherical, or flattened at the poles only by one-eleventh part. 

These views were subsequently elaborated by other minds, and the 
author of the ** Vestiges of the Natural History of Creation* ' has evolved 
from them a wider scheme of physical creation. He supposes the 
void of nature to have been originally filled with a universal ^rtf-wiw/, 
out of which the celestial orbs were created and launched into their 
evolutions. Now it is obvious that some cause must act on these 
to give it new action and arrangement, for no 8un, nor planets, nor 
stars could spontaneously emanate from an inert vapour any more 
than from nothing. To obviate this difficulty, the existence of cer- 
tain nuclei, or centres of greater condensation, was supposed, which, 
by their superior attractive force, consolidated into spheres the 
gaseous matter by which they are surrounded. 

Dr. Nichol also adopted the hypothesis of Laplace, that these nebu- 
lous bodies underwent gradual conversion into stellar and planetary 
systems ; and, in speaking on this subject, he writes with the power and 
originality by which his pen is characterised. '* Stupendous," says he, 
indeed, are ** these conceptions ; but down through their grandeurs 
there comes a gentle voice, reviving as a sephyr to the prostrate S'ml. 
In the vast heavens, as well as among phenomena around us, all things 
are in a state of change and progrett : here too— on the sky — in splen- 
did hieroglyphics, the truth ia inscribed, that the grandest forms of 
present bemg are only germt swelliog and bursting with a life to 
come ! And if the universal fabric is thus fixed and constructed, 
shall aught that it contains be unupheld by the same persevering law — 
is annihUation a possibility real or virtual—- the stoppage of the career 
of any advancing being, while hospitable infinitude remains } No ! 

* Vestiges of the Natural History of Creation. 

* Creation by the Immediate Agency of God. 
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let the night fall : it prepares a dawn when man's wearincsu ^hall 
haye ceased, and his soul be refreshed and restored. To come ! To 
every creature these are words of hope spoken in organ tone : our 
hearts suggest them, and the stars repeat them, and through the 
Infinite aspiration wings its way, rejoicingly as an eagle following 
the Sun."* 

In entering on an investigation of this kind, in which processes are 
alluded to which seem to beta us backward to an almost miiuite past, 
it must be remembered that the periods which have elapsed, and the 
changes which have transpired, are great or little, only in regard to 
our finite capacity and existence. A few years to us is the span of 
our past lives, — eternity, past and to come, is the lifetime of God. 
Hence, ** time and change," it has been truly remarked, ** are great 
only with reference to ihe faculties of the beings which note them. 
The insect of an hour, which flutters during vs transient existence 
in an atmosphere of perfume, would attribute unchanging duration 
to the beautiful flowers of the cistus, whose petals cover the dewy 
grass but a few hours after it has received the lifeless body of the 
gnat. These flowers, could they reflect, might contrast their tran- 
sitory lives with the prolonged existence of their (greener neighbours. 
The leaves themselves, counting their brief span by the lapse of a 
few moons, might regard, as almost indefinitely extended, the dura- 
tion of the common parent of both leal and flower. The leayes of 
individual trees are lost in the continued destruction and renovation 
which take place in forest masses. Porests themselves, staxved by 
the exhaustion of the soil, or consumed by fire, succeed each other in 
slow gradation. These periods a^ain merge into other and atill longer 
cycles of geological change, which occasion the aubmeraion of the 
forest, the conversion of its living trunks into their stony resemblances, 
and the subsequent upheaving of these as portions of the continents 
and islands of a new surface.' And thus, ** when the birth, the pro- 
gress, and the history of sidereal systems are considered, we require 
some other unit of time than even that comprehensive one which 
astronomy has unfolded to our view. Minute, and almost infinitesimal 
as is the time which comprises the history of our race, compared 
with that which records the history of our system, the space even of 
this latter period forms too limited a standard wherewith to measure 
the footmarks of etomity."t 

In the examination of objects so distant as the nebula, it ia a ques- 
tion of vital importance, as to how far the actual shapes of the 
nebulas are revealed by the telescope. The test employed for this 
purpose appears to be satisfactory. If two instruments art used, 
greatly differing in power, and if they present to the eye the same 
representation— the larger one adding nothing, either in stars or 
branches, to the previous appearance of the cluster, it miy be safely 
concluded that its complete form is revealed to the observer, and 
though this attempt has been attended with great diffioultiea, it has 
been accomplished. 

* The Architeotnre of the HeavenB. 
t Babbage'9 Bridgwater Treatise. 
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Bach eairi ue, hoveveT, tctj rare. It ii gerernll;' found that 
Frerj increaje of the in«tnimenl reveali new brtttichci of a nebula, 
and modifies iti proportioni. AgHin, the figure reTsded by the tele, 
•cope, even when complete, U onr^r a section of the solid mail ; and it 
would appear impiMiible to incci with any degree ot certainty, the 
aotnal figuie of ine whole. But it mutt not be luppoied that eren 
to ^la remote! t boundariei of the uniTi-ne, law doca not eaert her 
empire, and it ii the province of rfaBon to trace it out. Nor are 
data denied u>. And aa there are muliitudea parlaking of alpiilar 
tatrai, thcprobabiEily i>, thai aeTtral will bcfnund with the aame aide 
or aeetiun &onting oui world, and othera will appear preienting the 
oppoalte faee ) from theae chief aipectt of the maaa, ita form a 
tttfijir*— ■ 




Nebu1« have been atrangod by Profe^aor Nichol iiilo direcprin- 
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cipal classes — ^the divisioxi being founded not only on the ground of 
resemblance of form, but because their different shapes appear to 
shadow fotth various phases. 

In the first class are comprised dusters of stars, in which the indi- 
vidual stars may be detected* by means of lEood telescopes. This 
class is divided into* globular clusters, or those which appear of a 
roundish form, and somewhat compressed towards the centre ; and 
irregular clusters, or those which are neither circular nor elliptical, 
but of a somewhat indefinite or angular form. In some of these the 
stars are nearly all of the same size, in others they are very different, 
and it is not uncommon to find* a very red star, much brighter than 
the rest, occupying a conspicuous situation near them. The largest 
and brightest specimen of nebulae in the engraving on the previous 
page represents a cluster of this kind. 

Among nebulsB of* the first class, the cluster Hercules may be 
regarded as their most gorgeous type. That its ofipeareni form, which 
is sphtrical, corret>pon£ with its real, is matter of reasonable infer- 
ence, for, if it is not a sphere, it must be a cylinder or cone, or some 
other shape, having a circijdar base or section ; and the probability is 
very smaU that, in so many instances, irregular masses would present 
to us their only regular outline. This view is corroborated by the 
fact that the gradation of light, or of the apparent density of the 
stars, has the central point of ihe figure as its centre. On the spec- 
tacle presented in such a cluster as that of Hercules, let the imagina- 
tion rest. There are f ' no bewildering zones, or myaterious patches, 
like our milky way, to a spectator from one of its central suns, but 
skies blazing with grand orbs scattered regularly around, and with a 
profusion to which our darker heavens are strangers ! There, too, 
magnitude would lie behind magnitude, distinguished firom whi|t is 
around our world by the entire uniformity of their distribution ; nor, 
without the aid of some mighty tube, penetrating to these outer 
filaments, could a suspicion dawn on the mind of the hardiest sp^u- 
lator there that his firmanent is the speok we see it instead of a single 
and only unfolding of the marvels and magnifioence of the st^Uar 
creation !" 

Those nebule, which are called resolvable, form the seoood class, 
and consist of those which, by their appearance, induce the supposi- 
tion that increased telescopic power would make the individual 
stars, of which they are believed to consist, visible to us. They have 
not been resolved, but it is believed that of this they are susceptible. 

Besides those already mentioned, there is an immense yarietjr of 
nebulee, of which it cannot be said that they are resolvable. Some 
of these are delineated in the accompanying cut. The circular one 
consists of a nucleus or central part, surrounded at a great distance 
by a nebulous ring, while others are specimens of what may be called 
nebulous stars, or of nebulae connected with very small stare. . 

Lord Rosse has also recently discovered a very remarkable speci- 
men of what may be called spiral or whirlpool nebuUe. One of uicse 
has the appearance of a large and bright globular nebula, surrounded 
by a ring at a considerable distance from the globe, very unequal in 
brij^htness in its different parts, and subdivided through about two- 
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£ft1ii> of iU *:lr*:'uu{i:rt:tn:t:, au if iiiUi two lafnifi;«, orj«; of wKioh «jj- 
bMITM IM if VitH*:'i U{i Vi th<: f:yfy out of tK<; pKfiC- of tK<: r'-M. Strht 
lip ul tL^jfju*- ^\t*s ra'iiub ofth(;rifi^ fiUtaiit, in a hrnull bri;£)it rouri'i 
DitbuJii. WK'rn vi';H'«:d throu;ch « more i^/wcrfui t<:l«;be'i]><.-, t}i« 
tpcHMirancni are r:oit>.I'i«:ra^/iy i»o<Jifie<l. 

bou'-K' tttrh^xin: imrktrstl ihtzUih*:hiA lUvi like double kUfi, and under 
■trl/.-tly arj4io;^ou% coriditioii^ ah Vj <li»laiic-e, f/'/Di'.iori, aiid bri;$htii«.ii», 
rt«.-(dJifig 'j'ii*e ao for'.ILly an in tl^e eaae of d/iuhle fetam the idea of 
tlifir i.e'X:Mary f-onreetJon with ea<:h other, ai«d hM'/n/'Mii at the kante 
cla>ii of r<r<bear<Jie:» Mi>h lekp'.et t/j their n.-laiive orUtal ffjotion. 
Th<ry aMuiii", alb'i, ^r at vdrietien of foxiu and eharar;ter ; hfjituXiiu*:* 
they Miii hfjth of ih'.ni round nebula; ; ^jtnetiineh one and %*/tui:iiin*m 
\yAii HTM extremely '11 ipti':al ; in one caM: wis iind a istar ItiUsriffk'A 
between a round and an elii;/ti'; nebular, aiid njanife«tlv connected 
with I he Ml a« one i») ot^-nj ; k/>nietini<,i( doubh: n'leJei, ana M^rn etim'.-n 
d'juhUsor Uii*Ui kUitttt fire involved in the najXie round and d iff uned 
rM;Y/ulo*itv. Jt would, however, be t/:diouM U* atteinjA a de«!eripiion 
of iiiis mn^ular and rnul ipli^.-d coinbiitationa of atarn, neb'iJa:, and 
climl/'n of ktarif, wiili lehpeet l/t ea/:h other, which feuch r<i)earch<:« 
uii^^ld, oflerinjK, aa they do, an endlean field for obaervati^^n and 
k^iuir^r. 

A did nee */f {}ifs liebulor }iy [/'ith<;*»ia }iaa be«n f^iven by the lUiV. T. 
Miiner, to which we may refer. He nhowi^ that the law of izra^iual 
de^c'opKuent may be tra/x-d in all tlie Kuli^/rdinatij realifu of anirnati:d 
natui«. The bird that wintf* iu flight tliiouuh Om air, the cattle 
uyM u tlioufeand hiKw, and Uu; inyiia^i forrna of life tliat are found in 
tn« fjCann, are nubject to it. Tlie history of their nhynical conatitu- 
ti<yn di»|/layit the principle of pn/grea^ive formation ; the y^rtuiutil 
udruTWis of the functioiJi of lil<r, from weakneaa and immaturity Ut 
atreogth and vigour ; the idmfAl infinitely varied au^^tanceii of th« 
glot>^, yrammi endleiialy diversified illualrationa of tlie operati<m of 
tli4r aanur law, 'J'he fUbcending rain on tlie ail wry itnow ia the offiipiin;< 
of preceding procei»i»(-ii of evaporation from tixe aeai, rivera, take*, and 
ainAkt earth, |>roducii.g the aitc(-ndl:;g vap<jur, and then the f^ntaatic 
cloud« tluit dia'-harj^e their bhoweta upon the (-a/tli. " llie iiuM 
pr/werful and the m'/bt gentle wii^d* are called int/i a^-tivity by pre- 
vi/yualy- prepared agencies of heat and electricity, creating a vacuum 
in Out atm/Aphere more or Jeui large and more or h:«« aud'JJirn. 

" To tlie c.iitre of the eafeily-rea'Svedhplierieal rtebubb of ili« lar^eat 
diameter, Hervclt'-l nfcfelgned a remott.'neiis 400 time* tJiat of Hiriua ; 
t}iO«« *d half th<ir tiiitUi*:U:t he tielieved Ui be double tltat dUtance; 
while tboae cluaterit which plainly indicate retolvability he eatimated 
to be 2,400 timea ttiftrt: remoU; tlien fiiriuci. In thia laat caae we liave 
•n extetit of apace, equal to at leaat ifi/iOO,000,000,0'JO,000, or fi^rty- 
five th'/UMtfid billi« tia of mih^, whlub the aurrounding air proceeda Vi 
fill. T*he dew and rain give birtli Ut tlie acanty nfiring Utat iaaw.-a 
from t)i« Rarthf and nUrn Vu the flowing atream tma Ut the «xtend<rd 
river, whkh roll* onwarda to meet the tidea of tiie ocean, terrifying 
lay iu catarteti, and f(;rtlliauig by ita exundationa ; and iJthougU we 
ko/jw but little ni tlie theory of the eartliquake and tlie voleajio, yet 
we know enough to show ua thaty fuddeu iia are their erupiiouaf 
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they are not tbe events of the moment, but preceded by processes of 
chemical action, combinations of earth and alkalis with water, which 
gradually produce a high temperature, and lead ultimately to an ex- 
plosion. These facts may serve to show that the hypothesis of the 
nebula by philosophers, whether true or false, involves no new prin- 
ciple under the sun, and on that account, untU disproTed, it deserves 
no ridicide. And ** if," he continues, '* in this minuter department 
of the creation, there is a law of gradual formation in operation now, 
dealing vrith its existencies in the detail, the idea is vindicated from 
the charge of vain conceit, that an analo^cal law operated in the con- 
struction of the globe itself, and the various worlds that compose the 
system, with those of other sidereal schemes, supported, as the theory 
is, by the nebular varieties that meet us in space, from matter in ex- 
treme diffusion to matter crowding to a central point, gathered up 
into spherical hazy masses, and forming stellar nebulie." 

The nebular hypothesis is open to many objections. The most 
obvious of these is, that the further that astronomical observations 
extend, the less evidence is there for its support. The telescope of 
Lord Rosse, in particular, has resolved those masses of light, which 
from theii vast distances appeared to be nebulae, into clusters of stars. 
And here we may leave the reader to the words of Professor Nichol, 
once so able an advocate of the hypothesis. ** About Christmas, 
1845," he says, "I was at Parsonstown, and saw the nebula tlurough 
the mighty tube. It was — owing to the incompleteness of the instru- 
ment and unfavourable weather — the first time that the grand tele- 
scope had been directed towards the mysterious object ; and though 
Lord lloBse warned me that the circumstances of the moment woidd 
not permit him to regard the decision then given as absolutely final, 
I went in breathli ss interest to its inspection. Not yet the veriest 
trace of a star! Unintelligible as ever, there the nebula lay ; but how 
gorgeous its brighter parts ! How countless the streamers now brandi* 
ing from it on every side ! How strange especiallv, that large horn 
on the north, rising in relief from the black skies like a vast cumulous 
cloud ! It was thus still possible that the nebula might be irresolv- 
able by human art, but doubt manifestly remained. Why the concur- 
rence of every favourable condition is requisite for success in such 
inquiries, may be readily comprehended. The object in view is to 
discern singfy, Sj^arklins points, small as the point of a needle, and 
close as the particles of a handful of sand ; so that it needs but the 
smallest unsteadiness in the air, or imperfection in the shape of the 
reflecting surface, to scatter the light of each point, to merge them 
into each other, and present them as one mass. Knowine his lord- 
ship's intention to avail himself of all favourable opportunities during 
winter — after regrinding the great mirror — to penetrate, jf possible, 
the constitution of this wonderful object, I anxiously awaited frei^ 
intelligence ;" and in March, 1846, Dr. Nichol was informed by 
Lord Kosse that, as the result of his examination of Orion, there 
could be very little doubt as to the resolvability of the nebula. 

Such are some of the facts and views which have occupied so much 
of the time and attention of many great minds. It has been considered 
by some that the hypothesis is not only incorrect but unpions, as an 
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fttt4sfn|it in aiulMlttiiti; t)ii? o|>«:riiti<>riii of Uiik; unci <:liftii({<; f'lr tli<; wurk- 
in'4n of nil ormi{pot«fHt <i«i<l. Jiut wliHUrv^rr may bi; th<: iiririsiifoiiiibji* 
itit'ertsnubu whU:h mnutr trmjr hnvit il(;<iu<;«'<l fpitn niiy of tli<: i>(;«tli7rir(l 
fmgmciitai of till? tJi< ory, w<s do not f.'oncfivir t> ni flii« i« no muoh 
churiOAhlts oil thi; viirw ItNi.'Jf UN lili iUa htui Inp^U: of llnr it'Hnnttt'n, 
AU titAt w<; know of iininrti in Oi<f orrl<'r or iiiifr<:i-iMioii in wlii'h it htu 
l»lt!Wttid tliK MMk<*r unfl J'n.'iifrvi'rof all thiti({itt<i woik in fliir univi'mn 
whii:U Uv liiui formcfl ; «u<i wliirn w<' Hiiy thnt uwU nwl nurU U a Uw 
Cif imtiin'f it in not to ha nnyiHMoM that w<; inlffn<l to ({iv<: lo ii nn hi- 
dciiMidi'nt poMTirr of <;itii«aiion or m-lf-dircfrlion, but ni<-r<-ly fo ufaiu 
tbut »uc'h ttj/iM'itr« ift b<r t}i«! in<rtho'l ol Oo<l'ai oiKTittion tbf nm:fon*iim 
in wUitiU it Intif plfrfUK'd bini tliiil ri-i iitin trvimln nlioiiM :ttj.>('. J|<'nr<» 
i« it tbatMTori: ib<r liy|/<Hb<*tii«to b«TfuMyi;iiittMi»bf'(lt<i ni-«irow, it wiol'l 
only pro Vi) ibiit tb<rtfr<;at Arf:bit<:<:t of llii* iiuivt-im: b.i<l ii<t'/jfiffl iUf%ii 
intttliofl* Hhd urriiiiui-nii'ntii of bnil'liii|{ lip iih nii{/hiy f'iiljui', itnrl of 
thuii CHfiyinK out iiiit (:r<:filivo uttti |iroviili'fifinl fli':ii^riH. On tbi« 
piAni Wb luHv /juotc thf; wordii of'un <'niiMf-nt <livin<', who wuh iMiimlly 
iin«i |$r<;iitly oiftiin^uikb<'<l l><itli for bin b-iirniiiff uml biiiiiit-ly. ** Wba'," 
Uuyu lir. i'yif Hnjilb, ** waif tbi: rondilion or ronnliiuLion of tbii 4iri«t 
er^uU^ti tuuitt'tf </<:rlitinly it fulU witliin tbo provirwi* of j/i'Ui'rtl 
|ibyi»l':ii to <'j(uniin(; tbi* r|U(-»)iion ; uml if ib<; inv<'nti)(iifi'(ii bi* <on- 
tiwiltui in tb<; truft Hpirit of |ibibi«oiiby, wbirb in nio<li-ri<, r<-ii-ii-riii.-ii, 
mid ciiutiouii~iii ifc word, tb<; Kj;inl of (ijcnuiiKf rili/i';n iliouxtt it 
tuny not b<' di'monNtritiiv^'ly annwi'rt'd in tbc jin-itMtt lll<% y<-t vubmbb' 
ii|f|>roxiui.'ition« nmy bn initdfrto it. 'J'b<* in-buliir byi;oili('>»tii, tui'nnthA 
nft it littM been by iH'iMonii w\utn*i i'j^tutruufA' cannot t-vruci' lU-ir |>i<'- 
NUin|>tionf in ri'^itrdi'd ii« in n vfry biprji di'^^ri'fr pnibiibli' by bonio 
of tb<T lintrbt ttnd mont f 'bf iniinn inindM. If I nmy vi*ntui-<' lo uttfr my 
own ini|ir4'»iiion«, I ntutit i#rof<-M it tin iU*t twml n'fiiion!ibi<; iiu|/j)o- 
nilioji, find till: corn-lull: of tbu ni'buliir tln-orv that Ood orif^innlly 
K«Vtf} bidntf lo ibn |>rirnoidinl «'lirni<;nUi of tninifw, tbi* vfTy Minull 
IMifribirr of iiini|ili{ bodii'N, irndowlrtK f.twh Hitb iU own wondrou* 
proMTliim. Tbim, Ibhl tbif nclion of iboxi; proiH'rib'N in ibit wuyii 
wbt'.'b bi« wi*)doin orditini'd, and wbiirb Wf fi.ill InWN, produci'd, and 
in Ntill |;rodii<:in({, ull tin; loimit mid i:bbti(fi'« of orf^nnii; and inori^unii: 
liAtur^H ; iind ilifii tbi: H4'rii;ii in by bim diTtiiinird Vt (/rocinrd in cont- 
biniitionN nnd niulii|flii;Mlionii irviT n^w, wiiboui linnlof nj/ncf ori'nd 
of (lurniion, L<i lb<f liiiutfi'mbb: lidniirHtion and joy of ail boly crcn- 
turiii, and Vt tbi: cUrrnal dijij/luy of bi« ^Uiry wbo ttmtd tbc wondroun 
frmtm." 

It wb grant tbit bypolbi'MiM Vt \hi corri;r:t, It diHfii notprov, orovmi 
lurifirftbarily iiU{>nohf', ibat anytbintf baM b<-<rn doni4 wiibo'Jl tin- intirr- 
Vi'lition of inii'Jlif^i'nfi; iind *h'*i'n/,u. At niotit, it orily tirinhbfin our 
vii;w of tbi' »kili I'X'rr'JM'd, and tbi* ini'an* irniployitd, to anotbirr |>art 
of ti)<t work. Jl ik rt'luti'd of K)iiiMiriiii that wbi'ii, an a boy, bo waM 
raiding wilb bin jiriTiii'jUor tbi; M-.tmrn of lleniod, wbicb tell un ibat - 

** KM«^t of inAnn*, i Hiivm llr«t aroM, 

'lUmmuf «arlli'Wl<l« Mtrvlobkd Ihn iit«»<lfMi iMMlt of oil 
The UutmtrUl* — ■ — -^'* 

the young uttluAixt ftntt betrayed bin In'^iiinitivo goniuji by imttiug Uui 

I 
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inquiry, " And Chaos whence ?" And thus is it in the case before 
us. Let us attempt to erect a physical theory which shall supply an 
ultimate and final account of the existence and arrangement of the 
universe, and innumerable questions and difficulties will at once 
arise. •* Why/* it may be asked, •* must the primeval condition be 
one of change at adl ? Why should not the nebulous matter be equally 
diffused through space, and continue for ever in its state of equable 
dj^sion, as it must do, from the absence of all cause to determine 
the time and manner of its separation ? Why should this nebulous 
matter grow cooler ajid cooler ? Why should it not retain for ever 
the same degree of heat, whatever heat hei If heat be a fluid — if to 
cool be to part with this fluid, as many philosophers suppose — what 
becomes of the fluid heat of the nebulous matter, as the matter cools 
down ? Into what unoccupied region does it find its way ?*' And, 
further, ** How came the Sun and its atmosphere to have such mate- 
rials, such notions, such a constitution, that these consequences fol- 
lowed from their primordial condition ? How came the parent vapour 
thus to be capable of coherence, separation, contraction, solidifica- 
tion } How came the laws of its motion, attraction, repulsion, con- 
densation, to be so fixed, as to lead to a beautiful and harmonious 
system in the end ? How came it to be neither too fluid nor too 
tenacious, to contract neither too quickly nor too slowly, for the suc- 
cessive formation of the several planetary bodies ? How came that 
substance, which at one time was a luminous vapour, to be at a sub- 
sequent period solids and fluids of many various kinds ? What but 
design and intelligence prepared and tempered this previously 
existing element, so that it should by its natural changes produce 
such an orderly system ? 

" And if in this way we suppose a planet to be produced, what 
sort of a body would it be ? Something, it may be presumed, resem- 
^bling a large meteoric stone. How came this mass to be covered with 
motion and organisation — with life and happiness ? What primitive 
cause stocked it with plants and animals, and produced all the won- 
derful and subtle contrivances which we find in their structure — all 
the wide and profound mutual dependencies which we trace in their 
eiconomy ? Was man, with his thought and feeling, his powers 
and hopes, his will and conscience, also produced as an ultimate 
result of the condensation of the solar atmosphere? Except we 
allow a prior purpose and intelligence presiding over this material 
'primitive cause,' how irreconcileable is it with the evidence which 
crowds in upon us from every side!" 

We cannot better conclude this portion of our subject than by 
listening to the words of one who has not been unaptly designated 
an orator by nature, a poet by sympathy, and a man of science by 
culture : — 

"The ideas I have presented to you," says Professor Nichol— 
" august and strange though they are — should not appear in contradis- 
tinction to what every moment is passing around us. Supposing 
these phenomena did unfold the long growth of worlds, where is the 
intrinsic difference between that growth and the progress of the 
humblest leaf, from its seed to its intiicate atnd most beautiful organir 
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sation ? The thought that one grand and single law of attraction, 
operating upon dimised matter, may hare produced all those stars 
iiniich gild the heavens, and, in fact, that the spangling material 
uoiTerse is, as we see it, nothing other than one phase of a mighty 
progress, is, indeed, truly surprising; but I appeal to you again, in 
what essential it were different from the growth of the evanescent 
plant ? There, too, rude matter puts on new forms, in outward shape 
most beauteous, and in mechanism most admirable ; and there eon' 
not be a more astonishing process, or a mightier power, even in the 
srowth of a world ! The thing which bewilders us is not any intrinsic 
difficulty or disparity, but a consideration springing from our 
own fleeting condition. We are not rendered incredulous by the 
nature, but overwhelmed by the magnitude, of the works. Our minds 
will not stretch out to embrace the periods of this stupendous change^ 
But time, as we conceive it, has nothing to do with the question. 
We are speaking of the operations, and tracing the footsteps, of one 
who is above all time; we are speaking of the energies of that 
almighty mind, with regard to whose infinite capacity a day is as a 
thousand years, and the lifetime of the entire human race but as the 
moment which dies with the tick of the clock that marks it — which is 
heard, and passes."* 

* Arcliitecture of tlie Heavens, pp. 148-4. 
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ARE THE STABS INHABITED? 

Sugg«8tion9 and Argumentg as to the Tenant* of the Stars, if any— Illustra- 
tions from Scripture— The " Chemistry of the Stars'*— Opinion Of Sir J. 
Herschel — Immensity of the Universe. 

Bbfors drawing this work to a conclusion, a question arises for con- 
uderation, which has ever been one of interest to the thoughtful 
observer of the heayens, and to which brief allusion must be made. 
Did we believe that those countless worlds of light that roll above 
and beneath us in the fathomless heights and depths of infinite space 
were only crude and formless masses of matter, yet would our insigni- 
fieance in the comparison justify the exclamation of the Psalmist, 
** What is man that thou art mindful of him, and the son of man that 
thou visitest him ?*' Intelligent contemplation of the starry heavens 
must viriden the empire of creation far beyond the limits formerly 
assigned to it : they tell us that yon Sun, throned in the centre of the 
planetary system, gives light, and warmth, and the vicissitude of 
seasons, to an extent of surface several hundred times greater than 
that of the Earth which we inhabit ; and they prove to us, that the 
ball on which we tread, with all its mighty burden of oceans and 
continent, instead of being distinguished above the others, is among 
the least of them, and from some of the more distant planets would 
not occupy a visible point in the concave of their firmament. But 
when we look forth from our Earth across the vast universe itself, the 
thought can scarcely be repressed within us whether those worlds are 
inhabited — whether God has not breathed the breath of life into some 
orders of intelligences, who, perhaps, unvisited by sin, may spend 
existencies full of holiness and peace. Are we to suppose that tiiese 
vast and countless globes are scenes of barrenness and desolation — 
that eternal silence has ever prevailed and will ever continue in them— 
that nothing but outstretching deserts, mountain ranges^ and gloomy 
caverns mark their surfaces — and that the foot of living and breathing 
being has never trod them ? Were we to limit our remarks to the 
planetary system, we should find that our Earth is useful to sensitive 
existencies only within the compass of one-four-hundredth part, and 
that the remainder is magnificent desolation, wild and boundless 
nothingness. 

This problem has loxtg been regarded with great interest — many of 
the great and the good, have attempted its golution. Some hare 
averred that to consider the stars uninhabited, and that too by rational 
^mngB, TTouId be to do injustice to our own convictions, and to the 
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Crfnnipotence and bounty of the Creator of all things. Others assure 
us thiiit they have no such feeling — that they love to allow their ima- 
ginations to expatiate in scenes of animal or vegetable existence where 
man has never been, or in worlds of vegetable and mineral existence 
where animal life is utterly unknown. *' It would not be a painful, 
but pleasant thing/' say they, ** to learn that some of the stars, such 
as the new planet Flora, were great gardens like Eden of old befi>re 
Adam was created ; gardens of God, consecrated entirely to vegetable 
life, where foot of man or beast had never trod, nor wmg of bird or 
insect fanned the breeze — where the trees never crackled before the 
pioneer's torch, nor rang with the woodman's axe, but every flower 



•• ■ wss bom to Mnih ansMn, 

And wsste its sweetness on ths deiert sir.** 

Again, wo are told that other scenes of beauty and of glory may 
be pictured by '* imagination's brush," and that, were some heavenly 
messenger, ** Gabriel, that stands in the presence of God," or one of 
the other angels that*' excel in strength," to wing his flight to 
Earth, and to tell us there is an orb in the skieti, ** peopled solely by 
magnificent crystals," it would rejoice their heart. What a grand 
world, say they, would not that be, with its *' columns of rock- 
crystal like icebergs, and mountains of purple amethyst, dome* 
ofrulxies, pinnacles and clifEs of emeralds and diamonds, and gates and 
foundations of precious stones, such as John saw in the lloly Jeru- 
salem descending out of heaven ! All who reach the Happy I^and 
are to enter like little children, and it may please God," they tell us, 
** besides other methods of instruction, to teach his little ones his 
greatness and his power, by showing them such a world." 

This subject has been fully considered by Dr. Dick, who inquires 
into some of the designs which the Almighty Creator appears to have 
had in view in replenishing the inftnit«de of space with the countless 
numbers of majestic worlds which are revealed to lu in the heavens. 
Our space forbids us from entering as fully as we could wish on ^ 
oonsiaeration of this interesting topic ; and while we assert that the 
deep-rooted instincts of our nature repel the idea that the whole of 
the vast universe was made for the frail and fleeting tenants of our 
little Earth, we can only stay briefly to indicate some of the reasons 
for this affirmation. 

"Consult with reason, reason will reply, 
Each Inold point which gloirs in yourler sky 
Informs a §ytem in the tioiuidlesf space. 
And Alls with glory its appointed place ; 
With beams onborrowed brighten other vkies. 
And worlds to thee onknown with beat and light sappUes." 

Thus we find that in other planets of our svstem, and most »ro- 
bably in all, there is the same succession of auy and night. They 
have, also, a similar yicissitude of the seasons. To them, as to us, 
the heavens present a varied and ma^ificent spectacle, while the 
Earth is but one of tile lesser lights which sparide in the Armament. 
To them, God has divided the light from the darkness, and has ealled 
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the light dajy and the darkneis he has called the night. He has said, 
let there be light in the firmament of their heaven, to divide the day 
from the night ; and let them be for signs, and for seasom, and for 
days, and for years ; and let them be for Ughts in the fiifnaanent of 
heaven, to give light upon their earth ; and it was so. And God also 
made for them great lights. To all of them he has given the Sun to 
rule the day, and to some he has given moons to rnle the night. To 
them he has made the stars also. And he has set them in the firma- 
ment of heaven, to give light upon their earth, and to rule over the 
day, and over the night, and to divide the light from the darkness : 
and God has seen that it was good. 

Confirmation is also found for this argument in the nearer resem- 
blances which are found to exist between the Earth and the planets, 
as the growing perfection of our instruments enables us to examine 
them more closely. Thus has it been ascertained, that not only 
have they all day and night, the changes of the seasons, and moons to 
alleviate the darkness ; but that the surface of at least one rises into 
inequalities, and that its &r<stretching plains are diversified by 
towering mountains and deep valleys ; that another is surrounded 
by an atmosphere which may support the respiration of animals ; that 
clouds are formed and suspended over a third, which may minister 
to it all the fruits and luxuriance of vegetation, and that not only 
does water exist in a fourth, but that it rises by evaporation into the 
atmosphere, it freezes upon the application of cold, that it is precipi- 
tated^ the form of snow, and that it covers the ground with its 
fleecy marble, all indicating a resemUance to the phenomena pre- 
sented in our world which are corroborative of the supposition that 
other planets of our system, and other systems of planets, are ixJia- 
bited by various gradations of animal life. 

It may, indeed, occur that the improvements of the means now 
possessed by astronomers of gauging the heavens may be so great, 
that our means of actual observation may be immensely increased. 
Points of resemblance between this world and other spheres may be 
found, which are for more decisive than any yet ascertained. The 
evidence of sense may then satisfy those by whom the most abundant 
arguments of analogy are unheeded « The vestiges of art and industry 
may be observed. It has been truly said by Br. Chalmers, whose 
eloquence and whose devotedness to his holy calling are above all 
praise — that we may be able to see summer throwing its green mantle 
over the mighty tracts of other worlds, then left naked and colourless 
after the flush of vegetation has disappeared. ** In the progress of 
years or of centuries, we may trace the hand of cultivation spreading 
a new aspect over some portion of a planetary surface. Ferhaps 
some large city, the metropolis of a mighty empnre, may expand into 
a visible spot by the powers of some future telescope. Perhaps the 
glass of some observer, in a distant age, may enable him to construct 
the map of another vinorld, and to lay down the surface of it in all 
its minute and topical varieties. But there is no end of conjecture ; 
and to the men of other times we leave the full ^surance of what we 
eon assert with the highest probability, that yon planetary orbs are so 
many worlds, that they teem with me, and that ^e mighty Being 
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"^^o presides in high authority over this scene of grandeur and asto- 
nishment, has there planted the worshippers of his glory." This 
Tiew of the subject will satisfy the scruples of the poet who has sung 
hit musings on this theme. 

*' When I behold this goodly frune, this world, 
Of hesTen and Earth coniustiag, and compute 
Their magnitudes, this Earth, a fpot, a gnin, 
An atom, with the firmament compared again. 
And all her numbered ttara, that seem to roll 
Spaces incomprehensible (for snch 
Their distance argues, and their swift return 
Diurnal) merely to officiate light 
Around this spacious Earth, this punctual spot, 
One day and night, in aii tlieir Tast surrey 
Useless besides *, reasoning I oft admire. 
How nature, wise aad frugal, could commit 
Such disproportions, with superfluous hand. 
So many nobler bodies to create. 
Greater so manifold to this one use. 
For aught appears, and on their orbs impose 
Snch restless revolution day by day 
Repeated while the sedentary Earth, 
That better might with far less compass more, 
Served by more noble than herself, attains 
Her end without least motion, and receives 
As tribute, such a sumless Journey brought 
Of incorporeal speed, her warmth and Ught ; 
Speed, to describe whose swiftness numbers fail.** 

When we turn to the page of inspiration for evidence on this point, 
though it does not speak decisiYely upon the theme, yet gives such 
representations of the character and ways of God, as to support such 
a conviction. ** Thus saith Jehovah, that created the heavens ; Ood 
himself that formed the Earth and made it : he hath established it; 
lie created it not in vain ; he formed it to be inhabited. I am Jehovah, 
aad there is none else." Here there appears a plain intimation that 
God's design in moulding this mighty globe was that it should be the 
abode of man or of beings of kindred species ; while the unity of God's 
purpose, design, and government in the universe is emphaticallv 
announced in the words, *'I am Jehovah, and there is none else. 
Nor are other portions of Scripture wanting which convey similar 
intimations. 

The arguments in favour of the opinion that there are inhabitants 
to other worlds, are abl^ and fully stated by Dr. Dick; and he 
endeavours, also, to explam in a reasonable analogy the physical and 
moral state of the tenantry of these spheres. First, he asserts that 
the planets are inhabited by eenHeni beings. This is shown by the 
ejuetenoe of material fabrics, which indicate that the beings intended 
to exist in such, must have a material organisation. The principal 
inhabitants of the planets and other worlds must also be endowed 
with intellectual faculties ; for, if not a necessary, it is at least a natural 
conclusion, that the grand and beautiful scenes provided by the Maker 
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of all things were intended to promote the welfare of a rational crea^ 
tion. If our globe had been intended merely for the support of the 
lower animals, it is not probable that it would have been adorned 
with all the beautiful arrangements which now exist, and the splendid 
and diversified scenes with which it is furnished. The lion, the 
tiger, and the hyena, find every accommodation in dens, deserts, 
and forests ; and they have no peculiar enjoyments in flowery fields, 
expansive lakes, beautiful landscapes, or the sublimities of a starry 
firmament. If, then, it is argued, there were no rational intelligencies 
in the planetary worlds, we cannot suppose that so many grand and mag- 
nificent arrangements as wefindexistmg would have been made ; par- 
ticularly, we cannot conceive that the motions of the planets and their 
satellites would have been so accurately adjusted as to perform their 
revolutions with so much precision as we find they do. The regu- 
larity of these precisions are, it is believed, evidently intended to 
serve as accurate measures of time or duration, — a circumstance 
which must always be a matter of importance to rational beings 
wherever existing, but which seems to be scarcely attended to, and 
perhaps not in the least appreciated, by merely sentient beings, such 
as the lower orders of animated nature which exist around us. * 

Dr. Dick goes on to argue that the inhabitants of other worlds are 
not purely spiritual beinffM, on the ground that pure spirits cannot be 
supposed to have a permanent conection with a material world ; nor 
could they be considered to be affected by air, light, colours, attrac- 
tion, and other material influences, which operate on the surfaces of 
all the planetary bodies. Hence he concludes that the inhabitants of 
other spheres are furnished with bodies, or corporeal forms, in and 
through which the spirit may act, as is the case with men in this 
world. But he denies the affirmation which has been made, that in 
some world the inhabitants may be as large as mountains, and in 
others as small as emmets; for he believes that in the one case so huge 
« mass of matter would be unnecessary, if not pernicious, and on the 
oliher hand that so small a body would be inadequate. He suggests 
that, in regard to locomotion, there may be considerable differences 
in different worlds; and hence that the inhabitants of the planet 
Yenus may have power to climb with ease the precipitous heights of 
the mountains, some of which there pinnacle in a perpendicular 
elevation of more than twenty miles. 

The inhabitants of the planets must also be endowed with tfisual 
orgaru, as may be safely deduced from the fact of the equable distri- 
bution of light. The Sun, as the centre of illumination, diffuses its 
beams in certain proportions over the surfaces of all the planets and 
their satellites. Each planet revolves upon its axis, and thus every 
part of the suiface receives the benefit of the solar radiation. *' Around 
the larger planets are moons for the distribution of light in the 
absence of the Sun ; and one of them is invested with a splendid 
double ring, which refiects the solar ray, during nights both 
on the sur&ce of the planet itself, and on the surfaces of its 



* Sm the argument tally stated by Dr. Dick-- Sidereal Heavens. 
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ntoofns. This diversified apparatus for the difiosion of light evi- 
dently appears to be an arrangement of meaxu in order to the 
aocomplistiment of an important end; for it would be a reflection on 
the character of the all-wise Contriver to suppose that means have 
been arranged where no appropriate end is intended to be accom- 
plished ; but all the arrangements for the regular and equable diflu- 
sion of light have been made in vain, if there be no eyes or organs of 
vision on which light may act ; for mountains, and vales, and barren 
deserts, do not require its regular influence. That there are beings 
furnished with visual organs throughout all the worlds and systems 
of matter in the universe, appears from the consideration, that not 
only in our own system, but among the myriads of fixed stars dis- 
persed throughout immensity, provision is made for such organs in 
the existence of light, whicn is a substance that appears to be uni- 
versally diffused throughout creation. It is found by experiment 
that the light which radiates from the most distant star is of the same 
nature as that which emanates from the Sun."* How reasonable, 
then, is the inference, that, wherever we find light, it has been 
created, not to shine over vast and dreary solitudes, but by acting on 
the visual organs of animated existences, to reveal the countless 
objects of interest and beauty among which they live and move and 
have their beinjp; ! It may, indeed, be otherwise ; and the Creator 
and Governor of the Universe may have designs in reference to the 
work of his hands which may never be revealed to mortal know- 
ledge on this (tide the grave ; but we contend that, so far as the great 
laws of the Divine administration can be traced by us, reason and 
analogy alike declare the correctness of the conclusions at which we 
have thus arrived. 

Again, the inhabitants of other worlds have loeomotive powere. This 
is inferred from the amplitude of space which is found on every hand 
wherever we are able to test the superficial extent of any of the orbs 
of heaven. This is shown in our own world, and is especially the 
case in some of the sister planets of our system ; and if such poweiy 
are necessary for the progress of the social life of intelligent creatures 
here, and if the analogies of existefice can be at all borne out in 
reference to other worlds, we may conclude that in other spheres 
powers of locomotion are conferred upon the various orders of 
animated existence. 

It may also be concluded that the tenantry of other orbs are endowed 
with the organ qf hearing , and a faculty of emitting articulate sounds. 
This is essential to the interchange of thought and feeling ; and what- 
ever we know of the physical condition of the starry worlds is 
confirmatory of this supposition. Thus some of the planets are sur- 
rounded with atmospheres, and as air is the medium of sound in our 
terrestrial region, it doubtless serves a similar purpose in other worlds ; 
and hence the inference is drawn that the animated beings they 
contain are furnished withjorgans for the perception.of sounds in all 
their modulations. 



* Sidereal Heavens, p. 278-4. 
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Lastly^ the alternations of light and darkness arising from the 
rotation of the planets, lead to the conviction that the tenantry of 
those orbs are subject to a condition in some degree analogous to 
■leep, or stated intervals of rest. It would be precipitous to speak 
with certainty as to other planets, but it can scarcely be doubted in 
reference to Mars and Mercury, supposing the other considerations 
already mentioned to be admitted. 

These arguments respecting the physical state of the planetary 
inhabitants have been deduced chiefly from the ascertained phenomena 
of the planets, and from the general constitution and economy of the 
tmiverse. To imagination reference has not been made, for in those 
altitudes it were possible to expatiate to any extent ; but reasonable 
analoey has been alone called in to meet the exigences of the case^ 
and these appear to lead inevitably to the conclusions which we have 
thus advanced. The results of these arguments are thus summed up 
by Dr. Dick : — *< On grounds similar to those now stated, we might 
conceive it as not altogether^improbable that the spiritual principle 
which animates the lower orders of animated nature, and which in 
some cases bears a near resemblance to the reason of man, may bt 
susceptible of indefinite expansion and improvement by being con- 
nected with a superior organisation, and that such beings miy 
iiltimatelv pass through various gradations of rank in the physicu 
and intellectual economy, till they arrive at a station superior to that 
of the most enlightened atid improved human beings. But as we an 
now bordering on the regions of doubt and uncertainty, suffice itte 
say, that it appears highly probable, from a consideration of the diviat 
benevolence, of the relations which subsist throughout the phyiiesi 
and intelligent system, and of the intimations contained in the reeovdl 
of revelation, that virtuous and holy intelligences from diffinenft 
regions of the material creation, as brethren of the same great family) 
shall, at one period or another, hold the most intimate converse ain 
communion, and rehearse to each other their mutual history sad 
experience. Such intercourse would evidently enhance that ulidiy 
which it is the great design of the Creator to communicate, and ikt 
means by which it may be effected are obviously within the limiliaf 
infinite wisdom and omnipotence." * 



O mBJestic night ! 



Nature's great ancestor I Day*8 elder bom, 

And fated to survive the transient son ! 

By mortals and immortals seen with awe t 

A starry crown thy raven brow adorns. 

An azure zone thy waist 1 clouds, in heaven's loom 

Wrought, through varieties of shape and shade, 

In ample folds of drapery divine, 

Thy flowing mantle form ; and heaven throughout 

Yolnmlnoiul/ pour thy pompous train I" Youno. 

^__^^_^ lll.M l ----■ .»■ — 

* We have given the arguments on hhis interesting subject from the IW 
statements of Dr. Dick, who is one of the clearest and calmest advocatei d Ai 
theory. We refer the reader to the " Sidereal Heavens " and '* Cdiitid 
Scenery " for fUrtber information upon the subject. 
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An ingenious writer in the Britiik Qtutrierltf Review* has adopted 
a curious method of entering on the discussion of the question of the 
« Chemistry of the Stars," in which he states that the problem of the 
JMitiire of theinhabitants (if any) of the heavenly bodies will not be diffi- 
•eult of solution if we can clearly ascertain the character of those 
worlds themselves. On the consideration of this question he accordingly 
enters, and he does so in a novel way. He appeals to common sense 
ts his tribunal, and he is supposed to impanel a jury to try the cause 
of the chemical identity of our globe and the sidereal universe. Ez- 
•duding from the list all fellows of colleges and royal societies — all 
profiBSsors, clergymen, lecturers, lawyers, officers, ci?il engineers, 
anxious authors, captious critics, and in general all men who are 
authorised by law or fashion to put titles beiore, or letters after, their 
names — he selects from the residue of mankind twelve honest men 
and true, as strongly gifted with the aforesaid common sense as may 
be found. These form the grand jury. The case is to be tried on 
f uocessive midnights, in the open court of heaven, the stars appearing 
at the bar, having learned that they have a charge preferred against 
them that they are earthly. The question sh^ be put to each, 
** Earthly, or not earthly?" and the jury shall give their verdict 
according to the answer returned. And now they shall read for 
themselves the lesson of the universe. '* The heavens shall declare 
the glorv of God ; the firmament show his handiwork. Day unto 
day shall utter speech in their hearing ; night into night shew know- 
ledge before them. They shall watch the guiding of Arcturus and 
his sons, and behold the bands of Orion ; they shall feel the sweet 
influences of the Pleiades, and listen to the Morning Stars singine 
to^^ether. ' The Sirian star, that maketh the summer deadly,' shall 
•hine forth before them on the forehead of the sky, and they shall 
hearken to the solemn tread of the host of heaven, as, drawn up in 
iheir constellations, they nightly repeat their sentinel-march from 
horizon to horizon. 

'* And when the unsatisfied senses are still filled with desire, all 
needftd help shall be furnished to gratify their longing. The Herschel 
fi>rty-feet telescope shall be granted our jury to gaze through, and 
the courteous Lord Rosse will not refuse the giant reflector. Pulkowa, 
and Altona, and the Cape, shall lend the best instruments of their 
observatories, and the ingenious Lassell shall record for them what 
he witnesses with his space-piercing tube. The wise and filial Her- 
schel shall stand by to explain, and the eloquent Arago, and sweet- 
tongued Humboldt, make the wayfaring man, though a stranger, at 
home in the universe. As witnesses, however — witnesses only — 
shall these high-priests of nature be called, and speak to facts, but 
ofler no opinions. 

A long interval of anxious investigation succeeds — observations 
have been made, evidence advanced, facts accumulated — till the 
semi-distracted jurymen bethink themselves what shall be their 
verdict. And now each one of them advances an opinion dependent 
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for its character on the circumstances of life in which he moves.' A 
chandler or oil-merchant declares that the stars are lamps and candles 
—murky torches following the dead to the tomb — Eddystone lamps 
saving goodly ships from destruction — ^rainbow-tinted vases ^ mak- 
ing the streets gay on coronation festivals — strontia fires, bidding 
armies begin battle, or fragrant wax-candles, lighting up gay drawing- 
rooms. Another advances; he is a blacksmith or stoker, and he 
thinks of nothins but furnaces, locomotives, and class carriages. A 
third, who has plainly served before the mast, regards the heavenly 
bodies as ** craft," and wishes to know whether, by means of some 
** loudest speaking-trumpet," they could not hail each passing orb 
with " Star a-hoy !" and thereafter, by means of some f^thest- 
echoing, reverberating hearing-horn, could receive an answer. A 
soldier follows, and then a '* long-haired, ample- collared young gen- 
tleman," who comments on the line — 

** Te stars 1 which are the poetry of heaven 1" 

and is succeeded by a sweet- ton gued juryman, who affirms that 
beneath the vault of heaven is an orchestra, where may be heard " the 
music of the spheres," as the stars sing together. Lastly, the ** chan- 
cellor" sums up, and a verdict is returned which runs thus : — " There 
are celestial bodies, and bodies terrestrial ; but the glory of the celes- 
tial is one, and the glory of the terrestrial is another. There is one 
glory of the Sun, and another glory of the Moon, and another glory 
of the stars ; star differeth from star in glory." To which verdict, 
we, for our part, understanding their words in their widest sense, 
will append our heartiest amen 1" 

The writer then proceeds to say, that " were we privileged to sail 
among the shining archipelagoes and starry islands that fill these seas, 
we should search like marvelling but adoring children for wonder 
upon wonder, and feel a cold chill of utter disappointment if the 
widest diversity did not everywhere prevail. The sense of unity is 
an over-ruling power which never lays aside the sceptre, and will 
never be disobeyed. We should not fear that it would fade 
away ; nay, we know that it would stand forth mightiest when 
its kingdom seemed to have sunk under overwhelming diver- 
sity. Unity is in nature often nearest us exactly when variety 
seems to have put it furthest away. We are like the sailors m 
Magellan, who first rounded the globe. Every day they sailed fur- 
ther, as they reckoned, from the place of their departure, and ploughed 
what seemed to them a ttraight line of increasing length, which had all 
to be retraced before their first harbour could be gained ; but, behold« 
when they had sailed longest, and seemed farthest from home, they 
had the least to sail over, and were nearest to port. Exactly when 
hope of return was faintest were they called to exclaim, like the 
Ancient Mariner : — 

*< ' Oh, dream of joy 1 is this indeed 
The lighthouae-top I see ? 
Is this the hill ? is this the Idrk ? 
Is this my own oounthe T ** 

"A voyage through space would in like manner turn out to be ft 
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oircuiimaTigation. We should set sail from unity, and traverse the 
neat circle of a universe's variety till we came round to unity again. 
The words on our lips as we dropt anchor would be, * There are dif- 
ferences of administration, but the same Lord ; and there are diversi- 
ties of operadons, but it is the same God which worketh all in all." 

**Now for what purpose," says Sir J, Herschel, " are we to sup- 
nose such magnificent bodies scattered through the abyss of space ? 
Surely not to illumine our nights, which an additional moon of the 
thonsandih part of the size of our own, would do much better ; nor 
to sparkle as a pageant, void of meaning and reality, and bewilder us 
among vague conjectures. Useful, it is true, they are to man, as 
points of exact and permanent reference ; but he must have studied 
astronomy to Utile purpose, who can suppose man to be the only 
object of his Creator s care, or who does not see in the vast and won- 
derful apparatus around us, provision for other races of animated 
beings. The planets derive their light from the Sun ; but that cannot 
be Uie case \( ith the stars. These doubtless, then, are themselves 
■uns ; and may, perhaps, each in his sphere, be the presiding centre 
round which other planets, or bodies of which we can form no con- 
ception, from any analogy offered by our own system, may be circu- 
Uting." 

Can it then be said that these orbs were created in vain — ^that they 
were launched into existence only to cast a flood of useless splendour 
over the solitudes of immensity } Our Sun is such a luminary, and that 
has worlds in its train. '* Why should we strip the rest of this 
princely attendance? Why may not each of these be the centre of 
his own system, and give light to his own worlds ? It is true that we 
see them not, but could the eye of man take its flight into those 
distant regions, it would lose sight of our little world before it reached 
the outer limits of oiir system — the greater planets would disappear in 
their turn — before it had described a small portion of that abyss 
which separates us from the flxed stars, the Sun would decline into a 
little spot, and all the splendid retinue of worlds be lost in the 
obscurity of distance — ^he would at last shrink into an indivisible 
atom, and all that could be seen of this magnificent system would be 
reduced to the glimmering of a little star. Why resist any longer 
the grand and interesting conclusion ? Each of these stars may be 
the token of a system as vast and as splendid as the one which we in- 
habit. Worlds roll in these distant regions ; and these worlds must 
be the mansions of life and of intelligence. In yon gilded canopy of 
heaven, we see the broad aspect of the universe, where each shming 
point presents us with a sun, and each sun with a system of worlds — 
where the Divinity reigns in all the grandeur of his attributes — where 
he peoples immensity with his wonders, and travels in the great- 
ness of his strength through the dominions of one vast and unlimited 
monarchy. 

** The contemplation has no limits. If we ask the number of suns 
and of systems, the imassisted eye of men can take in a thousand, and 
the best telescope which the genius of man has constructed can take 
in eighty millions. But why subject the dominions of the universe 
to the eye of man, or to the powers of his genius ? Fancy may take 
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its flight far beyond the ken of eye or of a telescope. It may expa- 
tiate in the outer regions of all that is Yisible— and shall we have 
the boldness to say, that there is nothing there ? — that the wonders of 
the Almighty are at an end, because we can no longer trace his foot- 
steps — that lus omnipotence is exhausted, because human art can no 
longer follow him — that the creative energy of God has sunk into 
repose, because the imagination is enfeebled by the magnitude of its 
efforts, 'and can keep no longer on the wing through those mighty 
tracts, which shoot far beyond what eye hath seen, or the heart oi 
man hath conceiTed— which sweep endlessly along, and merge into an 
awful and mysterious infinity ?" 

« When, thoughtful, to the vault of heaven 

I lift my wondering eyes. 
And see the clear and quiet even 

To night resign the skies — 
The Moon, in silence, rear her crest — 

The stars, in silence, shine — 
A secret rapture fills my breast 

That speaks its birth divine. 

" Night reigns, in silence, o'er the pole. 

And spreads her gems unheard ; 
Her lessons penetrate the soul, 

Tet borrow not a word ; 
Noiseless the Sun emits his fire. 

And silent pours his golden stMams, 
And silently the shades retire 

Before his rising beams. 

" The hand thaVmoves, and regulates, 

And guides the v^t machine — 
That goveilis, viHs, and times, and fates — 

Retires, and morkB unseen. 
Angelic visitants forsake 

Their amaranthine bowers ; 
On silent wing their stations take. 

And watch the allotted hours. 

•• Sick of the vanity of man — 

Hie noise, and pomp, and show — 
I'll move upon great Nature's plan, 

And, silent, work below. 
With inward harmony of soul, 

I'll wait the upper sphere ; 
Shining, I'll mount above the pole. 

And break my silence there." 



CHAPTER XI. 



SUMMARY AND CONCLUSION. 

Summary — The Lessons of Astronomy — ^Magnitude of the Heavenly Bodies — 
Mutual Influence of the Stars — Adaptation of Means to Ends in the Con- 
stitution of the Universe — Illustrations — Permanence of the Uniyerse— 
Wisdom and Goodness of God in Creation explanatory of his GoodneA in 
Bedemption — Conclusion. 

In our contemplations of the wonders which astronomy unfolds to. 
view, the minds of the thoughtful cannot fail to be filled with wonder 
and awe at the magnitude of the objects revealed. Things, it is said, 
are great or little by comparison ; but there is an absolute and eternal 
magnificence in the heavens which forbids ought of comparison ex- 
cept with the infinite itself. When a man con&ies himself to hia own 
little locality, and looks around him on the Earth, which his plastitt 
hand converts from a wilderness into a garden ; or on the lower ani- 
mals, whom he subdues to his will, and causes, by the superiority of 
his mental powers, to supply his wants and minister to his conm>rt ; 
or, even on the waters of the far- spread ocean, whose proud waves he 
conquers, and over whose trackless wastes he makes his way ; or on 
the free air of heaven — in such contemplations, he may find much to. 
arouse the conviction that he is lord of all.* But a more enlarged 
and comprehensive knowledge of creation will correct these partii^l 
views. The traveller who has visited distant portions of our globes 
has scaled its lofty mountains, has traversed its broad and fSax- 
stretching rivers, has gazed upon its varied and extensive land- 
scapes, and has sailed over the bosom of what seems to him its evoi!- 
lasung oceans, is filled with deep thoughts and feelings of the great- 
ness of this our world, and thinks, perhaps, that it is the proudest 
monumental evidence of the vastness of the creative power of 
the author of all that could by any possibility exist. But when he 
takes the glass of the astronomer, and enters into the investigation of 
those means and agents by which the dimensions of even the universe 
may be to some extent gauged, he finds that he has learned but half 
of ue great lesson of nature. Expatiating in the infinitudes of crea- 
tion the things of earth diminish while he regards them. As he pur- 
sues ^is inquiries, the contrast^ becomes daily more apparcoit. 
He begins to perceive an emptiness in those things which formerly 
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* J>f. Duncan. 
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engaged his attention, and interested his affections, which he didTnot 
previously suspect. He views the planetary bodies, and dis- 
covers that, within Ae comparatively minute extent of our own system, 
there is an orb which would contain within its dimensions no fewer 
than nine hundred globes as large as the Earth, that another would 
comprise thirteen hundred such balls, and that, were we to take five 
hundred globes as large as that on which we dwell, arranged on a vast 
j^bae, tile outermost ring of the planet Saturn * would enclose them 
ilL Attenipt to form some estimate of the distance of the sun from 
the earth. To do this, imagine a railway to the solar sphere, and ask 
how many hours the Sun is from us ? Why, if we were to send a baby 
in an express train, going incessantly at a hundred miles an hour, 
without making any stoppages, the baby would grow to be a boy— > 
the boy would become a man — the man would grow old and die — 
without reaching the Sun, for it is distant more than a hundred years 
from us. But what is this compared with the distance of Neptune ? 
Had Adam and Eve started by such a railway at the creation to so 
from Neptune to the Sun, at a rate of fifty miles an hour, Uiey woiud 
not have reached it yet, for Neptune is more than six th )U8and years 
from the centre of our planetary system. And when we compare the 
proportions of the Sun with those of the orbs which revolve around it, 
we see that, mighty as they are, they shrink into littleness in the 
contrast. The Sun is five hundred times larger than the whole 
system of planets, satellites, and comets, and would contain within its 
circimiference thirteen hundred thousand globes as large as our own, 
and more than sixty million globes of the size of the Moon. 

And, frirther, when we turn to the observation of the starry heavens, 
we find that the system which has already been presented to our 
observation as of such majestic proportions, is as nothing in the 
contrast. Mighty, indeed, is the interval which separates our globe 
from the nearest of the fixed stars, but how far more distant are those 
globes which revolve on what we call the furthest boundaries of 
space ! Look at the milky way, and, granting that there are as many 
stars throughout its whole extent as there are in certain observed 
parts of it, and it alone must comprise more than twenty millions of 
suns, around which there is every reason to believe a thousand of 
millions of worlds are revolving. Look, too, at the nebulas, which 
must be regarded as so many milky ways, and which are even, 
in some cases, estimated to surpass the galaxy in splendour. Three 
thousand of these have been actually discovered ; and if two-thirds 
of them be estimated as revolvable, we have the tremendous aggregats 
of some 40,000,000,000 of stars existing in what appear at first to us 
only as streaks of cloud ; and these are suns, each bearing with them 
their systems of planetary worlds I How surpassing the spectacle ! 
How transcending all finite comprehension ! How magnificent the 
evidence here presented of the greatness of the Almighty Author 
ofall! 



* It may be mentioned that, while these pages are going through the pnsi, 

Information has been obtained which leads to the concIiMton that what have 

been culled the rings of Saturn, are, in &ct, bat one ring of gigantic proportions. 
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Observe, too, the intimate connection of eyery part of the great 
universe. As in the world around us every order of existence is 
indissolubly linked with every other, so is it in the furthest limits 
of creation to which the observation of man has been directed. There 
is no isolation nor isolated matter to be found — every particle attracts 
every other particle ; and, as it is impossible for the Sun and 
Moon to exert any influence on the matter which belongs to 
our globe without experiencing, in their return, the reaction of 
this upon themselves, so it is throughout the universe. The 
ponderous Sun may, from its size and distance, escape from effects 
capable of calculation, but there is, at the same time, every reason to be- 
lieve that effects are constantly being produced upon it. But apply the 
principle to those orbs with which wo are better acquainted, and 
It will be found that there are influences operating on the Moon 
which are capable of easy observation. Her proximity to the Earth, 
and diminutive proportions, render her peculiarly sensitive to the 
influence even of the redundant matter which exists at the Eeurth's 
equator ; and, as her attraction tells the place of the Earth's equator, 
so does the equatorial ring tell the plane of the Moon's orbit. These 
effects have been accurately observed and measured, and, strange to 
relate, their exact values have exhibited the figure which belongs to 
the Earth with far greater precision than can be obtained from mea- 
sures of its surface. We may even go further, for such is the intimate 
relation between the Ejirth and its satellite, that there is scarcely a 
question that can be asked in reference to the one, that is not answered 
by the other. 

If, for instance, ** the weight of the Earth, when compared with the 
Sun is demanded, the Moon answers. If the excess of the equatorial 
diameter of the Earth over the polar be required, the Moon answers. 
If the homogeneity of the interior of the solid Earth be required, the 
Moon replies. If the thickness of the Earth's crust be sought for, 
question the Moon, and the answer comes. If you would know the 
Sun's distance from the Earth, ask the Moon, if the permanency of 
the axis of rotation be required, ask the Moon, and she alone yields 
a satisfactory reply. Finally, if curiosity leads us to inquire whether 
the length of the day and night, and the revolution of the EarUi on 
its axis, be uniform, or whether it may not have changed by a single 
second in a thousand years, we go to the Moon for an answer, and in 
each and every instance her replies to all these profound and mys- 
terious questions are clear and satisfactory. Hjw wonderful the 
structure of the universe ! How gigantic the power of the human 
intellect! If all the stars of heaven were struck from exist- 
ence; if every planet and satellite which the eye and the tele- 
scope descry, inside and beyond the Earth's orbit, were swept away 
for ever, and the Sun, Earth, and Moon, alone remained for the study 
of man, and as evidences of the being and wisdom of God ; in the 
exquisite adjustments of this system, in the reciprocal influences of its 
three bodies, in their vast cycles of configuration, in their relative 
masses, ma^itudes, distances, motions, and perturbations, there 
would remain themes sufficient for the exercise of the most exalted 
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genius, and proof of the being of God, so eleai' and poeitiye, that'no 
Bane mind could comprehend it and dUbelieYe/' 

In the examination of the mechanism of the heavens, how remark- 
able are the indications, everywhere exhibited, of the adaptation of 
means to ends ! How simple and beautiful is the operation of the 
law of gravitation, b j the mighty power of which the great universe 
is girded together as with bailds of adamant ! How wonderful is the 
arrangement of the planetary otbs in their mutual relation to on^; 
another, and to the central sphere of light and power ! Suppose, for 
instance, the orbit of the Earth had been altered, and the present 
constitution of things preserved. Imagine that its orbit had been 
made more oval, there being, so far as appears to us, nothing in the 
mechanical law to restrain such a contingency. What would ha^ve 
been the effect ? A total destruction of animal life would have been 
the inevitable consequence, because, at the point of the orbit nearest 
the Sun, the fervour of its rays would have been most perniciouer; 
and at its greatest distance, the apparent size and illuminating and 
warming power of the Sun would diminish altogether, till the land 
and the sea would be converted into one frozen and lifeless mass. 
But among the almost numberless forms which the orbit of our planet 
might have assumed, the production and maintenance of organised 
existences — so far as we are acquainted with them— required that a 
given position should be selected, and that is the one along which 
the Earth wends her ceaseless course. This form is just such an one as 
suits the nature of its animal and vegetable kingdoms, confining the 
range of the solar heat, vast as it might easily become, within narrow 
bounds, while the inclination of the Earth's axis to the plane of it« 
orbit secures the production of the agreeable change of the seasons, 
and increases the varieties of animal and vegetable life. The revolii* 
tion of the Earth, also, upon its axis — ^the adaptation of the Moon 
to the Earth in its size and operations, and serving to raise a tide pr')-> 
d ictive of singular advantages, without occasioning either stagna ?.on 
of the waters on the one hand, or their overflow on the other — these 
are a few of the coimtless instances which might be adduced, iUus* 
trative of the mighty and wide-spread^adaptation of means to ends 
in the universe. Well may we say : — 

** Almighty Being, 
CHUse and sapport of all things^ <xan I View" 
These obtJects of my wonder — oaii I feel 
These fine sensations^ and not think of ihee f^ 

And we may say with Thomson — 

" Were every faltering tongue of man, 
Almighty Father I silent in thy praise. 
Thy works themselves would rwise a general voice, 
K'en in the depths of solitary woods 
By human foot untrod ; proclaim thy power, 
And to the choir celestial Thee resound, 
Th* eternal cause, support, and end, of all !*' 

The regularity of the structure of the whole planetary system, into 
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the constitutions of which we are able to make fuller researches 
than elsewhere, is very striking. The diagram which represents the 
orbits of the planets, which everyone has seen, might have consisted 
of a series of ovals narrow and wide in all degrees, intersecting and 
interfering with each other in all directions. Now the diagram does 
consist of a set of figures, which appear at first sight to be concentric 
circles, and which are very nearly so ; but nowhere do they approach 
to any crossing or interfering, except in the case of certain small 
planets, which are less regular in their motions. No one, it has been 
well remarked by Whewell, can believe that the orbits were made to 
be so nearly circles by chance, any more than he can believe that a 
target, such as archers are accustomed to shoot at, was painted in 
concentric circles by the accidental dashes of a brush in the hands of 
A blind man. Here, again, is room for wonder and praise ; and when 
the burning thoughts which fill the mind to overflowing attempt to 
find expression in language, we had fain exclaim : — 

** Tmmenae Creator! whose all-powerful hand 
Framed universal being, and who8e eye 
Saw like thyself, that all things formed were good, 
Where shall the timorous bard thy praise begin. 
Where end the purest sacrifice of song, 
And just tfaaaksgiviug r 

In alluding to the adaptation of means to ends which is so manifest 
in the economy of the universe, it may be worthy of remark that 
some objections have been instituted by the sceptical mind of 
Tiaplace as to the application of this principle in one case. It has 
been truly remarked by Whewell, that, were a person of ordinary 
feelings, who on a fine moonlight night sees our Moon pouring her 
mild radiance over field and town, path and moor, will probably be 
disposed not only to ** bless the useful light," but also to believe that 
it was ordained for that, and, as well as other purposes, that the lesser 
Hght was made to rule the night as certainly as the greater light 
was made to rule the day. But Laplace does not assent to this^ 
en the ground that we are often depriyed of the light, both of 
the Sun and the Moon, and he points out how the Moon might haye 
been placed so as to be always '* full." 

In reply to this statem^it, several arguments may be fairly urged. 
That the light of the Moon affords, to some extent, a sunplement to 
the light of the Sun, wUl hardly be denied ; and if we take man in a 
condition in which he uses artificial light, scantily only, or not at all, 
there can be no doubt that the moonlight nights are for him a very 
important addition to the time of daylight. And as a small proportion 
only of the whole number of nights are without some portion of moon- 
light, the fact that both luminaries are invisible very little diminishes 
tho value of this advantage. Dr. Whewell* has well remarked, 
that the question why we haye not more moonlight, either in 
d^uration or in quantity, is one which a philosopher could hardly 
be tempted to enter upon, by any success which has attended previous 
speculations 'of a similar nature. Why, we might as well inquire, 

* Bridgewater Treatise, p. 174. 
K 2 
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should not the Moon be ten times as large as it is — why should not 
the pupil of a man's eye be ten times as large as it is — so as to receive 
more of the light -which does arrive } We do not conceiTe that our 
inability to answer the latter question prevents our knowing that the 
eye was made for seeing ; nor does our inability to answer the former 
disturb our persuasion that the Moon was made to give light upon the 
Earth. And on the other hand, it is capable of proof that such a 
position as that which Laplace suggested for the Moon could only be 
found by placing the Moon four times further from us than she is at 
present, which would diminish her apparent size no less than sixteen 
times, and, of course, proportionally diminish her light. Whether 
or not this arrangement would be preferable to the present may well 
be doubted ; but even if its superiority could be demonstrated, it 
seems doubtful if the influence of the disturbing forces, which, on 
such a supposition, would certainly act more powerfully, would suffer 
the arrangement to be stable. 

Supposing, however, the objection of Laplace to be as far admitted 
as the validity of his suggestion could with any show of reason afford, 
it amounts, after all, just to this, that the provision thus made for the * 
comfort and happiness of living creatures, and especicUly of man, is 
mingled with that which brings with it privation. Is not this, how- 
ever, the precise character which is inscribed on all sublunary things ? 
The analogy which is here discovered serves"only to confirm the views 
which we have everywhere inculcated in the 'iiivine perfections,, as ex- 
hibited in his works. 

In the observations which men of intelligence and piety have made 
of the universe, and especially of those parts of it with which we are 
more immediately associated, the inquiry has sometimes arisen, ** How 
long shall these things be V* And when some declared that, in the move- 
ments of the planetary bodies, they had detected the germs of ulti- 
mate dissolution, others felt that the thought was painful, and it was 
forcibly resisted bv philosophers. When Newton saw no end of the 
deranging effect of the common planetary perturbations, he called for 
the special interference of the Almighty to avert the catastrophe ; 
and great was the rejoicing when a recent analyst discovered a power 
of self-conservation in the phenomena of the solar system. *• But 
after all," says Professor Nichol, " why should it be painful }" 
Absolute permanence is visible nowhere around us, and the fact of 
change merely intimates that, in the exhaustless womb of the future, 
unevolved wonders are in store. The phenomena referred to would 
simply point to the close of one mighty cycle in the history of the 
solar orb — the passing away of arrangements which have fulfilled their 
objects, that they might be changed into new. Thus is the periodic 
death of a plant perhaps the essential to its prolonged life ; and when 
the individual dies and disappears, fresh and vigorous forms spring 
from the elements which composed it. Mark the chrysalis ! It is the 
grave of the worm, but the cradle of the sim-bom insect. The broken 
bowl will yet be healed and beautified by the potter, and a voice of 
joyful note will awaken one day even the silence of the urn. 

" Nay, what, though all should pass ? What, though the dose of 
tAjs epoch In the history of the solar orb should be accompaniedi as 
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gome, by a strange fondness, hare imagined, by tbe dissolution and 
diaappearing of all these shining spheres i Then would our uniyerse 
not have failed in its functions, but only been gathered up and rolled 
away, these functions being complete. That gorgeous material frame- 
work, wherewith the Eternal hath adorned and varied the abyssea of 
apace, is only an instrument by which the myriads of spirits borne 
upon its orbs may be told of their origin, and educated for more ex- 
aUed being ; and the time may come when the Teil can be drawn 
aside — when spirit shall converse directly with spirit, and the creature 
gaze without hindrance on the effulgent face of the Creator."* 

And yet the objects presented to our view in the heayens do not com- 
prehena the entire universe. They may be but the threshold of the 
temple of God ; for far beyond the utmost flight of human observation 
and knowledge there may exist an universe which would make that 
which is revealed to us minute and insignificant. The heavens are 
the throne, earth is the footstool, of God — what, then, must be the 
palace — what the eity — of the great King? what the metropolis of 
God's dominion } and what the empire over which his omnipotent 
energies shall find an adequate sphere of glorious dominion } 

^ Seeet thou those orbo that numerous roll above? 
Those lamps that nightly greet thy visual powers 
Are each a bright, capacious sun like ours. 
The telescopic tube will still descry 
Myriads behind, that 'scape the naked eye, 
And further on a new discovery trace 
Through the deep regions of encompassed space. 
If each bright star so many suns are found, 
With planetary systems circled round — 
What vast infinitudes of worlds may grace, 
What beings people, the stupendous space ? 
Whatever race possess the ethereal plain, 
What orbs they people, or what ranks maintain ^ 
Though the de^ secret heaven conceal below. 
One truth of universal scope we know — 
Our nobler part, the same eth^eal mind, 
Belates our earth to all their reaEoning kind ; 
One Deity, one sole creating cause, 
Our active cares and joint devotion draws.** 

"Thus," says Mr. Mitchell, **do we find that God has built the 

heavens in wisdom, to declare his glory, and to show forth his handi* 

work. There are no iron tracks, with bars and bolts, to hold the 

planets in their orbits. Preely in space they move, ever changing, but 

never changed ; poised and balancing, swaying and swayed, disturbing 

and disturbed, onward they fly, fulfilling with unerring certainty their 

mighty cycles. The entire system forms one grand complicated 

piece of celestial machinery ; circle within circle, wheel within wheel, 

cycle within cycle ; revolutions so swift, as to be completed in a few 

hours ; movements so slow, that their mighty periods are only counted 

by millions of years. Are we to believe that the divine architect 

constructed this admirably adjusted system to wear out, and to fall in 
' ■ ■ ' ^ 

* Architecture of the Heavens, 
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ruins, even before one single revolution of its complex scheme of 
wheels has been performed ? No ! I see the mighty orbits of the 
planets slowly rocking to and fro, their figures expanding and con* 
tracting, their axes revolving in their vast periods ; but stability is 
there. Every change shall wear away, and after sweeping through 
the grand cycle of cycles, the whole system shall return to its primitive 
condition of perfection and beauty." And while, in the midst of con- 
templations such as these, we read in the works of God the great 
lessons of his supreme authority and infinite dominion, how consol- 
ing is the thought that when we turn to his Word we gain there en- 
couragement in the declaration — '* Yet thou hast made him but a little 
lower than the angels, and. hast crowned him with glory and honour, 
lliou madest him to have dominion over all the works of thy hands ; 
thou hast put all things under his feet !" 

•• They, says Dr. Chalmers, " who think that God will not put 
forth such a power, and such a goodness, and such a condescension, in 
behalf of this world, as are ascribed to him in the New Testament, 
because he has so many mare worlds to attend to, think of him as a 
man. They confine their view to the informations of the telescope, 
and forget altogether the informations of the other instrument.* 
They only find room in their minds for this one attribute, of a large 
and general superintendence, and keep out of their remembrance the 
equedly impressive proofs we have for this other attribute, of a minute 
and multiplied attention to all the diversity of operations, where it 
is he that worketh all in all. And when I think that as one of the 
instruments of philosophy has heightened our every impression of the 
first of these attributes, so another instrument has no less heightened 
our impression of the second of them, — ^then I can no longer resist 
the conclusion, that it would be a transgression of sound argument, 
as well as a daring impiety, to draw a limit round the doings of this 
unsearchable God, and should a professed revelation from heaven 
tell me of an act of condescension, in behalf of some separate world, 
so wonderful that angels desired to look into it, and the eternal Son 
had to move from his seat of glory to carry it into accomplishment, 
all I ask is the evidence of such a revelation ; for, let it tell me as 
much as it may of God letting himself down to the benefit of one 
single province of his dominions, this is no more than I see Ipng 
scattered in numberless examples before me, and running through 
the whole line of my recollections, and meeting me in every walk of 
observation to which I can betake myself ; and now that the micro- 
scope has unveiled the wonders of another region, I see strewed 
around me, with a profusion which baffles my every attempt to compre- 
hend it, the evidence that there is no one portion of the universe of 
God too minute for his notice, nor too humble for the visitation of his 
«are."t 

The revelations which the heavens make to us are often, indeed, 
so overwhelming, that the wild dream of the German poet becomeSi 
in the contemplation, a sort of stem reality :— 

^ • The Mlscrosoope. 

-t Astronomical Sennoni. 
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•' God caUed up from dreams a man into the vestibule of heaven^ 
•tying, * Come thou hither, and see the glorj of my house.' And to 
the servants that stood around his throne, he said, * Take him, and 
undress him from his robes of flesh : cleanse his vision, and put a new 
bteath into his nostrils ; only touch not with any change his humaft 
heart — the heart that weeps and trembles/ It was done: and, with 
a mighty angel for his guide, the man stood ready for his- infinite 
voyage ; and fiom the terraces of heaven, without sound or fire well, 
at once they wheeled away into endless space. Sometimes with thte 
solemn flight of angel wing they fled through Zah^hs of darknessv 
through wildernesses of death, that divided the world of life ; somew 
times they swept over frontiers, that were quickening under prOphetie 
motions from God. Then, from a distance that is counted only in 
heaven, light dawned for a time through a sleepy film ; by unutterable 
paee the light swept to them ; they, by unutterable pace, to the light. 
ia. a moment the rushing of planets was upon them ; in a moment 
the blazing of suns was around them. 

"Then came eternities of twilight, that revealed, but were not 
revealed. On the right hand and on the left towered mighty con^ 
stellations, that, by self-repetitions and answers from afar, that, by 
counter- positions, built by triumphal gates, whose architraves, whose 
archways, horizontal, upright, rested, rose, at altitude by spans that 
seemed ghostly from infinitude. Without measure were the archi- 
traves, past number were the archways, beyond memory the gates. 
Within were stairs that scaled the eternities below ; above was below, 
below was above, to the man stripped of gravitating body : depth was 
swallowed up in height insurmountable — height was swallowed up 
in depth imfathomable. Suddenly, as thus they rode from infinite 
to infinite — suddenly, as thus they tilted over abyssinal worlds — a 
mighty cry arose, that systems more mysterious, that worlds more 
billowy, other heights and other depths, were coming, were neariiig, 
■were at hand. , 

" Then the man sighed and stopped, shuddered, and wept. His 
overladen heart uttered itself in tears, and he said, * Angel, I will go 
no farther; for the spirit of man acheth with this infinity. Insuffer- 
able is the glory of God. Let me lie down in the grave and hide me 
■ from the persecution of the infinite, for end, I see, there is none.* 
And from all the listening stars that shone aroimd issued a choral 
voice, ' The man speaks truly : end there is none, that ever yet we 
heard of !* * End is there none V the angel solemnly demanded : ** Is 
there, indeed, no end ? and is this the sorrow that kills you ?* * But 
no voice answered, that he might answer himself. Ttien the angel 
threw up his glorious hands to the heaven of heavens, saying, * End 
is there none in the universe of God. Lo, also, is there no be- 

* * lift 

ginnmg I 

We have thus attempted, gentle and courteous readers, to expatiate 
over some portions of the heavenly world, and to point out here and 
there some of the myriad wonders which on every hand press upon 
the attention. To have conveyed an adequate conception of the 
grandeurs of the universe was beyond our loftiest anticipations, and 
to have awakened feelings which should be idtogether ^<y:.^Vc<^ ^ ^^sa- 
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olijecto wliiich fhe theme unfolds, we did not due to ezpeet. The 
finite earn neither exprtts nor comprdiend the infinite. But if we 
hATe soeeeeded in so wr securing the&vomshle legsrd of onr readers 
asto hsTe obtained a careful penisal of these pi gcs i f it has beeif 
Ibond that npoa them hsTe beoi c^tened i^lo Tiew glimpses of Tistasin 
the highest degree worthy of fuller investigatioa, we have not laboured 
in Tain ; and withhecrtj good wishes we woold refier them to the more 
learned and eostlier tomes of Dick* and Arago, and Niehol, of Hum- 
boldt, and Herseh^ and Rosse. And if our readers fisel, that in now 
closing tius woriL thougihts and fe^ings hare been awakened within 
them which have aroused broader Tiews in reference to the existence 
and administration of thegreat uniTcne of God — that they haTebeen 
in^ired with a deeper appreciation at once of the littleness and the 
matness of man — that they feel more dependent rdiance upon the 
Father of all» and a more solemn cfuiriction of the paramount wd 
eternal necessity of liring in sympathy with the purposes and designs 
of that Omnipotence who rules in the annies of heaTen and ankong the 
inhabitants of Earth — then we cheerfully bring our task to a dene, 
thankful that our best desires in refioence to it hsTebeen realised. 



THK END. 
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